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- SUMMARY -

This thesis déveiops a coniputer solution to the exhaust gés
rein’gestion‘problerh for aircraft operating in the reverse tthSt mode ori a
- crosswind-free runwa;r. The computer program'detelrmines the location
of the inlet flow pattern, Whe‘fher the exhausf: efﬂux_' 1ies within the inlet
flow pattern or not, and if so, thé approximate time before the reversed
flow reaches the engine inlet. The program is writ‘ten‘so that the use'r‘
is free to seléct discrete runway SpeedSIOr to study the entire aircraft
deceleration précess for both the farfield and crdss—inge_stio’n problems .
While developed with STOL applications in mind, the solution ié equally
applicable to conventional designs. - o |

The inlét and revers-éd jetflow fields involved m the probiem are
assuméd to be non-interacting. The nacelle model used in determining
the inlet flow field is ‘generat-ed usin'g an' i_teréti\)e solution to the Neuman.
Problem from ﬁotential flow theory while the révers_ed jet flow field is
adapted using an erﬁpirical cofreiation from tbhe literatur.e. Sample

‘results obtained using the program are included,
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Symbol
R .
AL
CHEKX
CHEKR
D'
D1
D2

D3'

DIAJET
DSAB

EP

NOMENCIATUR'E |
Definition .
Area . ft2
Nacelle length, gt
Normal velocity on the end cap

Normal velocity on the nacelle

Distance between two points, ft

Distance between a point of interest in space and a point
on the engine inlet, ft

Distance between a point of interest in space and a point
on the nacelle, ft

Distance between a point of interest 1n space and a point
on the end cap, ft

Diameter of the reversed jet at the point of origin

‘Distance between points "a" and "b"

Nacelle generation no-flow criteria - a select percentage
of the freestream velocity
Number of singularities per unit area, ft-'z

Strength of a singularity, ft3/sec

The "P" coordinate in the jet plane of the Maximum
Penetration Point of the reversed jet

1In this work, primes indicate dimensional quantities while non-

primes indicate dimensionless quantities. Velocity and length terms are
non—dimensionalized by referring them, respectively, to the freestream

velocity U

' and to the nacelle radius R'. The product of U_R'is used

to non-dimensionahze the velocity potential and stream funcnon terms,
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Szmbol o

QMPP

qsl’

r3

- RA

RAB
RB
RCROSS

RMPP

RPEST

VAB

VAX

VAXY

Definition

Volumetric flow rate from a singularity, "ft3/sec

‘The "Q"' coordinate in the j_et plane of the Maximum

Penetration Point of the reversed jet.

. 3 .
‘The strength of the inlet sink, ft /sec

A radial space coordinate .

A radial space coordinate on the model nacelle
Radius of point "a"
Radial distance between points "a" and “b"

Radius of point "b"

' Radius of the Maximum Penetration Point of the reversed

jet of an adjacent engine on the coordinate system of
an engine under study

Radial coordinate of the Max1mum Penetration Point of the
reversed jet

. Radius of the pre-sent_ry'streamtube at an infinite axial

location upstream of the engine inlet

- A velocity component of VELJET

The time reciuired for a tracer particle to go between points
: ng and "b", (TAB')(Um')/(R')

A \}elocity compo_nent associated with .VEL]ET
Velocity ,

The average velocity of a tracer part1cle between points
Ila n and Ilbll .

A normal velocity produced by a singularity on the end cap

The axial velocity at any point in space |
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Szmbbl Definition

VELJET The velocity of the reversed jet

VE‘LRAT The inlet-to-freestream velocity ratio,qs1'/(2 - Ua',')
Vn' -v A horma_l surface velocity, ft/sec
VP ‘Velocity at a point
- VPA Velocity at point "a"
VPB . Velocity at point "b"
Vr | h The normal velocity produced by a s1ngu1ar1ty on the
' " nacelle
| VRAD | The radial velocity of any point in space
w-] | A velocity component of VELJET
X An axial sbpace coordinate
- x1 .An axial space coordinéte along the nacelle
XA The axial coordinate of point "a"
XAB .. The axial distance between points "a*' ' and "b"
XB o The axial cbordina_te of point "b"
XJET . The axial éoordinate of the réirefsed jet origin

- XMPP The axial coordinate of the Max1mum Penetration Pomt
: of the reversed jet

XOP The axial coordinate of the Maximum Penetration Point of
the reversed jet of an adjacent engine on the co-

ordinate system of an engine under study

XSPACE = = The "x" component of the distance between the end cap
center points of two adjacent engmes

% A space coordinate



Symbol Definition

vl - A space coordinate on the nacelle
' YJET A coordinate of the re\rersed jet.exhauSt origin
YMPP A coordinate of the Max1mum Penetration Point of the

revers ed jet

YOP A coordinate of the Maximum Penetration Point of the
reversed jet of an adjacent engine on the coordinate
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YSPACE ‘The "y" component of the distance between the end cap
: center points of two- adjacent engmes '

z A space coordinate
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system of an engine under study
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center points of two adjacent engines ,
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01 Angular space coordinate
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CHAPTER I

INTRODUCIION

The .forthcoming development of both military and commercial
short take-off and lénding (STOL) aircraft will have é significant impact
on air transportation. Quiet, civil STOL airéraft will greatly diminish
éit?—to—city travel times ‘ar'ld help felievé ﬁresent airport congestion by
_operating from short,.'inner city airstrips. Such airstrips will be in-
expehs ive. enough that jet transportation can be extended to small
communities and underdeveloped coﬁ_ritries alike. In military vérsions ,
STOL tranSporis will grevétly improve the ability to supply remote regions.

But béfore such a family of aircraft can be put into service there
remain @ number of problems to be rves.olved . One of the hore important
areas is the need for better thrust reversers. Unlike conventional air-
craft, the normal means of stopping both military and commercial STOL"s
will most likely be through the use of reversers alone. For the military,
_the capability to brake'\)vithreve‘rsers alone will grez-_ltly enhance
operation frorﬁ un'prepared' airstrips, by avoiding the futting problem
associated with Wheel braking. For the commercial user, efficient
feverse thrust braking is a matter of both economics .and safety. The
high op_eravtivn'g costs of such aircraft will demand maXirﬁum daily

utilization for profitable operation. Not only is brake maintainance a



major Op.erating expen‘se, but brake coeling requirements play a- '
significant role in determining the aircraft turn-around time. From
safety considerations, the full reverser stopping capability will improve
operation from short, icyv runways . | - |

Though thrust reversers hav.e been used on jet aircraft for years .
none have achieved the full stopping capability. .There are several
reasons for this; First, unlike STOL aircraft, conventional aircraft do
not have suffi‘cient thrust-to-weight ratios to stop within reesonable
distances without the simultaneous use of wheel brakes. Secondiy, the
tendency of the engines _to reingest their ewn reversed exhaust, at low
speeds has demanded‘ that reverse thrust operation be terminated long
before the aircraft has reaehed a halt, In addition to damaging 'parts .
reingestion can cause compressor surge and'greatly dimintsh the
magnitude of the braking force. Thus any practical STOL aircraft must be
designed.to operate in reverse thrust, free of exhaust gas reingestion
down to very low ground speeds.

The purpose of this thesis is to develop an analytical model of
the flow field near an aircraft engine operating in reverse _thrust on a
crosswind-free runway.and to predict Whether exhaust gas reingestion
will occur, The study provides a tool, in the form of a computer program,
to be used in the design of engine-nacelle-reverser systems. The
-designer is free to choose whatever dynarnie and geometric conditions

he wishes and can then see how effective they are with regard to the



reingest’ion prleem .
"I"‘he overall flov.v 'field.‘.in this problem can be divided into two
regimevs.: | |
1. the inlet flow field which is basica’liy po'ténfial,
and |
2. the r_e\}ersed jet flow field which is highly
| tufbulent._ |
Qrdinarilvy, the présence of two such 'divberse':flow fields would make the
devélopment of any‘ single anélytical model an 'enormously dif_ficult task.
But in th-is investigatidn the two are mathemétically uncoupled and
solved separa,tely-. This gréatly simplifies the anals}sis .

There ére several ‘basic typesv of exhaust gas reingestion. The -
first type is near-field reir_xgestion which occurs when the exhaust efflux
passes too close tb the nacelle, | Because of the Coanda effect, the
reversed jet atfaches to the nacelle and subsequently enters the engine
inlet. A second type is farfield re-ingestion where the jet pénetrates the
engine inlet flow pattern, A third type is cross~ingestion, where the
reversed jet penetrates the inlet flow pattern of an adjacept_engine.

- The computer px;ogram presented here is desigﬁed to stﬁdy the:
latter two caées . It will not analyze the first case since no relavent
studies of nacelle attachment currently exist._. ‘Therefore all solutions
generated by.t_his program are based on the assumption that the near-

field problem does not occur.



" The basic case under study .is that of a turbofan engine installed
in a léng—dUct nacelle, wifh a . target reverser simultaheouslj/; héndling
the fan and core engine flows. One reason _fof selectio.nv of this con-;
figuration is its Superiorivty in reducing approach and sideline engine
noise. This currently is an important consideration since to receive
community acceptance STOL aircraft will have to be signifi_éantly quieter

_than conventional aircraft.



. CHAPTER II

PAST RvESEAR_CH EFFORTS
A search of the literature failed to reveal a 'pa'st a‘nalytical
‘soh.ltion to the thrust reverser reingestion problem, Thé solution
presented here is based on @ method propoéed by Tafom (1] .1 This
method employs an axisymmetric model of an engine nacelle diéchafging.
round, tuflbulent, re{rersed jetsz. and is described in detail in the next
chapter. | | | |
Because of the irﬁportahce of mathéma_tically uncoupling the
irilef énd reversed-jet flow fields'-in Tatom's method, an inveétigation
of thé validity of this simpli_fication was first made. It appears that
.the conce;;t :i_s' Well»founded since there is arﬁple evidence that:
1. The effect of fhe presenbe of the reverséd jet -
on the freestream is smail (i.e., the freestream
flow near the jet is essentially the same with

and without the jet).

1Numbers in brackets indicate references cited in the
Bibliography. : : '

2 -
Jet effluxes from target type reversers tend to be approximately
round in cross-section. o v :



2, | The effect of the engine inlet suction on the
reversed 'jef:‘ is small 'l(i.é. , the trajectory of
the jet is essentially the same with and without
the presence of the iqlet) .

Keffer and Baines [2] studied round turbulent jets introduced
normally infé a freéstream. It was observed that the freestream was
unaffected by the presence of the jet and that in the vicinity of the jet
‘the static bressure and mean velocity of the freeSt;ea'm could be con-.
sidered constaﬁt. Additionél evidence of non-interaction between the
jet and the freestream can be found in the report by Weiss and
McGuigan [3]. This péper contaiﬁs oil-streak photographs of cold-
flow tests of a model reverser-nacelle configuration. In each of these
photog'ralphsv the freestream is essentially parallel at a distance of less

"than 2 jet diameters upstream of the defle_cted jet,

In each of the references cited above, the. jets Weré dis'creté .
and thus produced relatively small blockage of the freestream flow field,
The works of Cooper [4] and Hayden (5] ére concerned with a tw'of
dimensional reverser model with a simulated engine inlet, In this study
the reversed jet blocked the entire freestream flow. Nowhere was the
inlet flow field far removed from the reverser flow field. Yet flow
visualization photographs of the reversed jet and temperature and velécify
data taken with and without inlet sudtion, show no significé'nt di fferences.

These results further indicate that the freestream is almost unaffected



by the presence oi the jet. Thus the indépendence of the two flow fields
is izerified. Since a round jet occupies much bless volumé in the region
Qf the inlet than a two-dimensionai jet, it follows that the effect of the
inlet on a round jet will also be small.

With the uncoupling hypothes.is justified, attention is turned to
previous efforts in the'separate areas 'éf inlet fllow prédiction and the
trajectories of turbulent i:rax;lsvers_e jets.

The inlet flow portion of.the reingestion préblem can be described
adequately frpm potential ﬂo’wbt_heory. The basic problem (the Neuman
Problem) invollves generating a mathematical model. of the flow near an
engine nacelle within a freestream. 'i‘his couid be'done by employing
the Douglas-Neuman Potential Flow Computer Program developed by
A.M.O. Smith and J. Pierce [6]. This selection was not used in [1]
for several reasons .b First, the program was unavailable at the Vanderbilt
University Cofnputer Center and it was felt thét adaptation of the program
both to the Cente.r's machine and to the reinéestion problem would‘pre;
sent as many difficulties as developing a new one, Secondly, it was
felt that a new program mighi: offer simplifications over the Douglas
program and thus cost less to operate,

The remaining érea to be discussed is concerned with studies of

jets penetrating into a freestream. Unfortunately, most of the available



literature is of little valve for two reésons:

1. The studies are concerned with defl_ecti'oh of
aﬁd velocities along the jet centérlin_e which
are of little impo.rtanvc.:e here. The principle
area of concern in the reingestion pfoblém is the
maximum penetration of the jet'into the _free-
Stream,

2, The sutdies are concerned with jet—to-freéstream
éngl‘es and velocity ratios considerably different
tﬁan those encountered in reverser a_pplicatipns .
Several ariélytical studies of opposing jets |
exist (7, 8, 9], but these assume an
incompressible, irrotati_onél flow field.

The engine-nacelle model proposed in [1] incorporatés the
results of a Lockheed-Georgié study [10] to describe the reversed
jets, The study was concernéd with a round, turbulent jet introduced
obliquely into an opposing freestream. Conducted in a‘ low turbulencé
wind tunnel the experiment allowed the Méximum Penetration Point of the
jet into the freestream to be photographically measured. The tests
employed a wide range of values for the jet exit diameter, ‘the jet-to~-
freestream véiocity ratio, and the jét-to-freestream included angle.
The result of this 'study was the Lockheed jet penetration correlation as

presented in Figure 1, empirically relating the time averaged maximum -
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penetratio:h' to the abové menéfioﬁéd ‘variables . ._Additibnal data by
Margeson [11] is also presented.

Figure 1 also shows a sketch of thé re\}erséd jet. Se\.zeral
characteristics of thisvjet should be notea_. First, photographs indicate
that the Maximum Penetration Point'caﬁ be considered to lie approx-
'_imately on an extens»ion of the jet centerline, Secondly, the jet should
not be considered as a fixed regioh in sﬁace. All flow viéuélization
. studies’report- that the reversed jet is an area of violent,turbu1ence.
Thus, the ti‘m'»e—a'verage_d Léckheed déta does not show wﬁere the
Maximum Penetration Point liés at any instant, but where .it is most

often found.



CHAPTER III

THEORY

An overall view of the flow field involved in the problem is
shown in Figure 2. As hasbalr_eady been hotved; .this flow field can be
divided into inlet and reversed-jet flow field-s; theée'being respectively,
. botential and turbulent in néture. The uncoupling hypothesis allows the
.two to he treafed as independent problem‘s'. Hence the inlet flow rﬁode_l
appears as a fictitious engine ingesting air but producing no. exhaust,
while the exhaust flow model appears as an isolated turbulent jet dis~
charging _obliquely into an opposing freestream,

| The inlet flow field is-represented in thé figure by the presence
of the streamlines. Among these, ‘the 'pre—entry streamtube is of special
importance. This is defined suc;h that -fluid' lying inside of it -e>nters the
engine while fluid lying outside of it travels past the nacelle.

The exhaust flow too, has an item of special importance: the
Maximum Penetration Point. At this point, the axial momentum of the jet
has been completely depleted so that additional axial travel is determined
by the opposing freestream,. If the Maximum Penetration Point lies with-
in the pre-entry streamtube, exhaust gas will be carried into the engine
" inlet. This is the cause of farfield feingestion. The primary task of this

investigation is to develop an analytical model capable of generating

11
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the pre-entry streamtube and the Maximum Penetration Point, and
determining whether .or not the latter lies inside or outside of the

former. 1

The Inlet Flow Field Model

The inlet flow field solution is developed around a cylindrical

. nacélle configura’tion, with an end cap at the rear and a full frontal

area inlet (Figure 2). This geometry differs somewhat from actual
engines, First, the. inlet éannot fill the »entire front_al areé in a real
nacelle due to structufal and aerodynamic considerations . Secondly,
nacelles are not.cylindrical but are more streamlined bodies of
revolution. The approximate nacelle repreéentation is used becéus'e

" of the mathematical simplifications and réSul_ting savingé in computer
time if affords . These simplifiéatioris are not believed to de'crease
significaritly the accuracy of the solufion since, in the farfield problem,
the area where_reingestidn begins is 's‘omewhat removed from the engine.
However, it must be recognized that near the inlet, the nacelle contour

materially influencés the shape of the streamlines,

1It should be noted that up to the Maximum Penetration Point the
jet is entraining, not releasing, fluid. Hence, it is premissible for the
reversed jet to lie within the pre-entry streamtube, as long as the
Maximum Penetration Point does not.
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Any exact mathematical model should acknowledge the rap;_id
decéleration involved in the reversing process, While a tranSient
description of the flow fields is desiréble, a rﬁethod for 'develop_ing one
is unclear, Theref.ore-, as a final simplification, it is assumed.that_: fhe
ajrcraft basses continuously.through a series of equilibrium flow fields

in coming to rest.

The purposé of the inlet flow field model is to generate the stream-

lines about the engine nacelle, The devélopment of} this model begins
by. placing a potential flow fréestream (alligned wi.th‘ the _axis) on .an
axisymmetfic coordinate system to simulate the_ runway speed of the
aircraft. The engine nacelle is generated Within this freestream.
‘Towards this end, ah'origin is established on the coordinate system
and at tvhis. origin a disk sink is added to simulate the engine inlet
(Figure 2). | |

In establishing the nacelle and end cap surfaces, a Spe.cial éet
of boundary conditions -must be satisfied, Because é real nacelle
»surface is solid, no fluid passes through it and hence the normal sur-
face velocities must vanish, The same boundary condition applies along
the end cap too, becaUSé the unCoupling assumption has removed the
exhaust flow from the inlet model. The boundary conditions are satisfied
by establishing a distributed system of compensatory sin_gularities over

the nacelle and end cap surfaces.
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-An iterativé procedure is used to determine fhe singularity
strengths. Initia.lly, each singularity> strength isv set opposite .and
proportional to the nérmal velocity induced by the freestream-in'let'
combination at the point. This would be sufficient for compensation at.
isolatéd points. However, the presencé of neighboring singularities
induces an additional normal velocity at each point. These velocity
components must also be cancelled and this is doné by the iterative
adjustment scheme.z. Once the boundéry condit-ioné are satisfied the

inlet flow field model is capable of génerating streamlines.

The R.evers.ed_ Jet Model

The purpose of the Ireversed jet model is to locate the Maximum
Penetfation Point éf the exhaust flow. The geometry of the problem is
shown in Figure 3 ,v with thé nacelle outline included for élarity. The
centerline of the jet 1s considered to lie _in‘a plane. Thié jet pla'ne (the
P-Q coordinate system in the ﬂgure')' is defined by the freestream and
reversed jet velocity vectors and has its origin ‘(o') at the point of
reversed exhaust discharge. It is in t.his plane that the Lockheed

correlation applies.

2The surface generation process discussed here and proposed in
[1] evolved from the analysis of [12]. The major computational differ-
ence between the two is that the latter makes no attempt at eliminating
the normal velocity component induced by the neighboring singularities,
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Aé the figure shows, t'he axisymmetric coordinate system of the
inlet flow. field model has be_en superimpos‘ed with a three-dimensional
Cartesién system having the same origin, This new system is used to
prope_rly locéte the origin of fhe jet plane with respect to the engine
‘inlet, The angle between the freestrearﬁ and the jet efflux in the P-Q
coordinat'e 3yétem (8) is defined in terms of the pitch angle (@1) and
turning angle (@2). The P-Q coordinates of the Maximum Penetration
Point are found from the Lockheed correlation. Then, a multiple trans-
formation of coordinates is employed to estﬁblish the axial and radial
coordinates of the Maximurﬁ Penetration 'éoint with .'respect to the
original aXisymm‘etric coordinate system. This complefes the reversed
jet flow fi‘eld model. »

The geometries of the two flow fields are now superimposed to
evaluate the likelihodd of reingestion. If reingestion is predicted, the
computer program is designed to note this ahd to determine the approx-
imate time required for a fluid particle to travel from the Maximum

Penetration Point to the engine inlet.



CHAPTER IV
DEVELOPMENT OF THE MATHEMATICAL MODEL

The Initial Singularity Strengths

Before developing the i:nlet' flow field model, it is useful. to
determine the initia.l compensatory singularity strength used in the
iterative nacelle generati"on'procedulre.

Consider an bisolated areka A' containing a singularity of strength

m'. The volumetric flowrate Q' associated with this _Surfacé can be

expresSed as:
Ql -— ri.nlAlgl

" where ¢ is the number of singularities per unit area and is equal to one
-in this case. In general, however, volumetric flowrate can bekexpressed
as the product of a flow area and the velocity (Vr'l) normal to it, For a
singularity, the flow ar'ea. is twice the area in the above equation because

fluid simultaneously enters or leaves both sides. Hence:
Q' =2A' . Vn

Combining the two equations gives the singularity strength as a function

18
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of V! , or:
n .
= zv;ql(for'g-='1) - | Y

Therefore, the initial step in the iterative procedure is to set
the strength of each singularity equal to twice the negative of the
normal velocity induced by the freestream-inlet combination at the .

point to produce the cancelling normal velocity, v

' The Inlet Flow Field Model

Let P in Figure 4 represent an arbitrary point in the flow field.
The velocity potential induced at point P by all of the elements of the

model can be described from potential flow theory as:

ot = co"FS + cpé + cp'CR + CP&JAX (2a)

wherje the terms on thé right of the above expression represent the
contributions to the potential from»'the fre'estream, fhe inlet sink, the
distributed singularities on the nacelle, and the distr'ibuted singularities
on the end cap, respectively.

It is convenient to work With non-dimensional ‘terms . "Towards
this end, length terms are non—dimenéionalized with reSpéct to the
nacelle radius R', while velocity ‘te'rms are divided by the freestream

velocity U! . The velocity potential terms are made dimensionless by
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referring them to the product of the freestream velocity and nacelle

radius. Equation 2a can thus be rewritten:

'Qp:_c?______zco

- ’pg * Ps T Por t Poax (2b)

It is also convenient to group ther terms associated with the

f_réestr-eam and inlet sir;k together, or:
" Hence, equation 2b becomes:
P = @l+Pop ¥ Popy | » @)

‘From potential flow theory, the radial and axial velocities at a
point can be determined by taking the appropriate partial derivatives

of equation 4: e.qg.

.9 cpv- 3l ' [ o) dp |
A - , CR CAX
VRAD =3~ = 3¢t M - ®)
and - _
Yoo ol BcpCR acpCAX

v T T 3w T x T (6)

21



The four velocity potential terms in equation 2b are now to be
developed. From potential flow theory, a freestream can bevdescribed
as:

Ppg = U X'

or in non-dimensional terms:

chS='x o - ™

The remaining terms bin equation 2b describe Surfacés of
dAi‘stri‘buted singularities. Figurevs shows an arbitfary surface divided
into subareas dA', each containing one singularity of s.ttength’ m',

- The incremental velocity poteritial induced at a poiﬁt P by any SuCh.

subarea, adistance D' away can be described by [13]:

m'dA’

R |
do' = 7 T

Hence, the velocity potential induced at P by all such subareas can

be written as:

. _ 1 [ fdA’

* = aml D

or in non-dimensional form:

1 h'dA’
4T U! R’ A D'

o =

22



FIGURE 5. | ARBITRARY SURFACE WITH DISTRIBUTED SINGULARITIES
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If, in ‘Figﬁr'e 5, 'poirit P lies on the surfacé, then the Subérea con-
taining P must be excluded from the integration of equation 8.

| Two of the components of the model td be describéd by equation
8 are disks . Hence as Figure 4 shows the area integral in equation 8 is

evaluated with respect to r3' and 01 and can be written:

dA' = r3' dr3' d6l

or

dA’ (R')2 r3 dr3 d 6l o o )

The remaining component.to be described by equation 8 is the cylinder

and hence the area integral is evaluated _With respect to x1* and 61; or:

dA' = R' dx1' d6l

or

CdA' = (R")2 dx1 del . (10)

With continuing re‘fe.rence fo equation 8, Figure 4 shows that '
there are three D' terms: one for the inlet (D1'), one for the cylinder
(D2') and one for the end cap (D3') . In general, the distance between

point P and any point on the nacelle can be written:

D ;\/(x'-xl')z + (y'—‘yl')2 + @ - 21
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or

D' = (R'S\/(x--xl)2 + (y-yl_)2 + (2 - 21)2' . (11)

The terms x, y, and z, are th'.e co’or.dinate.'s' of point | P frorﬁ the
origin., The terms x1, y1, and z1, ‘are the coordinates of any..point on
| the nacelle, Because the system under study is axisymhetric, réference
point P cén be defined as alwaysllying at z =I. 0. |

In évaluating the D1' and D3' expressions, the areas invoived
_ .ar'e disks ahd hence the_xl terms are zero for the former and AL for the
.lattef. In ali the'D' expressions, the values of 91 and zl can bé

writtenf

z]1 =r3 sin 8

" and

vyl =r3 cos .6

In the D1' and D3' expressions, r3 terms in the above pair of
equations remain as variables while in the D2' expression r3 is a
constant with a value of unity. The three distance equations can thus

be written, after simplification, as:

D1'= (R") x2 + rz - 2r r3 cos 61 + 1'32 (12)

, 2 2 :
D2'= R")V (x-x1) +r =2rcos 61 +1 (13)

and — 5 '2
D3'= R")\/ x-AL) +r =-2rr3 cos 61 +r3 - (14)
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 The remaini.ng term to be cons‘idered in equation 8 is the
singularity strength_,» rh'.' For the case of the inlét sink, the stréngth
(gsl") is constant over the area and is a‘ f_unctionb of a particular engine
design and/or ehgine_power setting. Thus it can be brought outside thé
integral,

‘In the cases of the nacelle and eﬁd cap surfaces, jﬁn'__is a function
of axial pos}ition along the nacelle and radial position along the end
cap. Therefore in these cases m' must remain inside- the in-tegrals . As
mentioned in thevp,revious section, the strength of each'singﬁlarity on
these surfaces is initially set at twice the negative of the normal
velocity invduced.by the freestream-inlet combination at the
point. | |

All of the expréssions necessary to describe the velocity poten-
tial at an arbitrary poinf can now be written, Combining equations 7,
8, 9, and 12 with équation 3 gives, after simplification, the potential

‘due to the freestream and_ihlet:

| 27 1 '
= asl : r3 dr3 d 61
o1=x+ T [ [ 75 5173 (15)
o o [x"+r" -2rr3cos 61 +r3"]

Where the limits of integra_tion in this and all of the velocity potential
expressions are those- already noted for the surface areas under con-
sideration. |

An expression for the potential due to the nacelle can be obtain_ed

" by combining equati.ons 1, 8, 10, and 13 and gives, after simplification:
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2m AL Vr(x1) dx1 del .(1‘6)

1/2

: 1
O = B .
CR. Zﬁ Jo' o) [(x-xl)z. +r2 - 2rcos 61 +1]

And finally, combining equations 1, 8, 9, and 14 gives, upon .

simplification, the potential due to the end cap:

o _l_j j | VAX (r3) r3 dr3 del

(17)
2 2
o o [&x-AL) + r2 - 2r r3 cos 01 +r3 ]1/

In order to evaluate equations 5 and 6 the partial derivatives of
the above three equations must be taken with respect to x and r.

Applying Leibnitz's rule [14] to equations 15, 16, _and 17 gives, upon

simplification:
o2m 1 ' _
dpl _ qle‘ j (r -r3 cos A1) r3 dr3 dbl _ (18)
or ar o o [x2 +r2 - 2rr3 cos 1 +r3 ]3/2
bR 1 J‘z” AL yr (x1) I[r - cos 61]dx1 dol 19)
or 2m o o "[_(x—xl)z’ + rz -2rcos 61 +1] 3/2
AP 2m |1 - '
CAX 1 f f ax ¢3)]lr - r3 cos 61][r3]dr3d6l
or m o o [(x-AL)2 + r2 - 2rr3 cos 01 + r3 ]3/2
2m 1

3l _ 1~_qsl.x , r3dr3 dél 21)

X 47 /2

o o .[x2+r2—2rr3cos 81 +r3 ]3
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OPcR 1 J'ZTT_ AL [vr (x1) Jx-x1]dx1del (22)
- T om - 2

ox 2 o o [(x--xl)2 + rz' - 2r cos. 61 + 1']37

dep 27 1

cax _ _ 1 [ f [VAX (r3) 1x-AL1E3 ] dr3 do1.
| 2m ‘o Yo [(x-AL)2 +r2 ~2rr3 cos 61 +r3 ]372

(23)

The ab'ove equations must be integrated to obtain the six
velc)city components. Integrations involving both variables Qf equations
19, 20, -zz,iand 23 must .be perform_'ed numerically because of the
dependencé of the singularity strengtﬁs oh position. Equations 18 and
21, however, cén be integrated in closéd form with respect to r3, though
they must be integrated numerically With respect to 61, Perfofming the

cosed form integration gives:

) ‘ (2B + 4A) 1

'acpl as _
-or in Jo {\ 4a-8" VETBIT -

2
- oo 91{( 1 2)(23 - 4A + 2AB -23/15)
- 4A-B° " \A+B+1

+znl°A+B+1+B/2+1_‘}del | @)
/& +B/2 | :
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and
depl gsl.x 2m 1 r (2B + 4A) T |
4A+B VA+B+1
where A= xz + rz , , ' : _ (26)
and = -2r cos 81 - @)

Numerical results using equations 5 and 6 can be obtained when

the singularity strengths have been evaluated.

Evaluation of the Singularity Strengths -
The Iterative Procedure ‘

To satisfy the no-flow conditio.n the normal veloéity must vanish
at each nacelle a‘nd end cap singularity. As explained earlier, the first
step toward this end is to set thé singularity strength at each locatio_n.
equal to twice the‘negat‘ive of the normal velocity induced by the free-
stream-inlet combination, Consider any point P on the nacelle surface.

The normal velocity CHEKR at P is determined from the equation:

Bl 3 3
CHEKR = — - Ur + —28 , —CAX (28)

.ar | or or at p

In the above equation, the quantity Vr represents the velocity

produced by the singularity at P and is initially equal in magnitude to

orpl

=5 The remaining terms are identical to the corresponding terms in

equation 5. However, because point P lies on the nacelle surface, the
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area containing P must be excluded from the numerical integration of
3 R '
the CR term (equation 19).
or
The no-flow boundary condition is satisfied along the nacelle

~when the velocity CHEKR vanishes at each singular point,
An equation analogous to equation 28 for the normal vélocity at

any point P on the end cap is:

-1 | 3 3¢ ‘
CHEKX = — ~ VAX + —CR , —CAX (29)
o ox ox [oP 4 at p ,

The partial differential terms in the above equation are identical
to the corresponding terms in equation 6. The quantity VAX represents

‘the velocity produced by the singularity at P and is. initially equal in

ol

agnitud
magnitude to 3%

. In performing the numerical integration of the
OPeAx term, the area cdntaining P must be excluded .
> The no:—flow boundary condition is satisfied along the end cap
when the velocity CHEKX vanishes at each singular point,
The iterative procedure used in generating the nacelle and end

cap surfaces is as foliéws:

1. The normal-Velocrity induced by the freestream-

inlet combination is calculated at ‘e'ach nacelle
| (—g—?—l) and end cap (-g%) singular point by

evaluating equations 24 and 25 , respectively.



31

2. A't each nacelle singular point, Vr is set
equal to the negative of %C_El , While at
each end cap singular point, VAX is set

equal to the negative of -g%—l .
3. The normal velocity CHEKR is determinedlat
eaéh nacellé singular point by evaluating
équation 28 and the normal velocity CHEKX is |
determined at each end cap singular pc‘>'1'nt> by
evaluavting equation 29,
4, ‘_A‘t each nacelle singular point vs;here CHEKR
is non-zero, an édjﬁstment scheme (to be
desc_ribed below) resets Vr, Likewise, at
each end cép singular point where CHEKX is
non-zero, VAX is reset_.v
5. The procedure is repeated from STEP 3 until the |
no-flow condition is met at all singular points
to some specified precision.
The adjustment procedﬁre mentiohed in STEP 4 is as folloWs .
Consider first equation 28, Figure 6 represents all of the» velocity
‘ components associated with this equation for a singular point P on

"the nacelle surface. Ilet it be assumed that CHEKR at P is not zero

and hence Vr must be adjusted. The first step is to determine if
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CHEKR and Vr are of the same sign. If they are not, the magnitude

of Vr must be increased. This is done by employing the equation:

Vrlnew= Vr'old - CHEKR /2 | (30)

The choice of the éorrection term, CHEKR/Z,_ in equation 30 is arbitrary.
If Vr and CHEKR are of opposite sign, the magnitude of Vr
must be decreased. The procedure for doing this depends on the value
of CHEKR/2.' If the magnitude of CHEKR/2 is less than that of Vr ,
équation_ 30 is applied. However, 'if the rﬂaéntide of CHEKR/2 is greater

fhan that of Vr, the new Vr is obtained from:

v = vr| /2.00 | | (31)
new - 'old ' - :

Again, the choice of the correction is arbitrary.
An identical adjustment procedure is used along the end cap with
CHEKX (from equation 29) substituted for CHEKR and VAX substituted for

Vr in equatio'ns 30 and 31.

Generation of the Streamlines

Let a fluid particle be released from a point P. in the flow field
with the object being to determine the path it follows. Since the flow
field is assumed to be in equilibrium, the fluid particle will travel

along a streamline. The value of the stream function along any
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streamline is constant and hence:

oY Q'Along any streamline (32)

In an axisymmetric system, the stream function is a function of

X and r and hence:
Y = v (x,r)

Taking the derivative and applying.it along a streamline gives: -

P Y Y
a‘{’ =0 '——a—?- dr + = dx
or rearranging:
dr | v/ ' »
dx T /e ' (33)

v = Const,
The radial and axial velocity at any point in an axisymmetric

system can be expressed from Stokes Stream Function [15] as:

1 3y

VAXY:F-B—I'—

and -
1 3y
VD = - 1 5

Rearranging the above two equations and combining them with

equation 33 gives, after simplification:
dr VRAD
x| VAXY )
¥ = Const.



With the coordinates of the releaée point knc)wﬁ, the above
differential equation can be.numeric‘:ally solved using the Runge-
Kutta Method [16] to determine the radial and axial coordinates of
the points along the stbreamli‘ne whfch the fluid particle vfollows . The
{/elocities VRAD and VAXY needed in this soblution are obtained by

evaluating equations 5 and 6, respectively.

The Reversed Jet Flow Field Model
This section developes the axial and radial .coorc.linates éf the
Maximum Pénetratioh Point of the reversed jet relative to the
akisymmet’ric Coordinaté System of the inlet ﬂov\( field m_odel‘. ‘The '.

problerﬁ is defined in Figure 3.

The P coordinate of the Maximum Penetration Point in the jet

plane is found from the Lockheed correlation (Figure 1):

‘PMPP = 2.97 (DIAJET) (VELJET) " 2% (1-. 73451 " *8%0) (35)

35

From Figure 3, the Q coordinate of the Maximum Penetratibn Point can

be written:

QMPP = PMPP tan 6 | (36)

The axial coordinate of the Maximum Penetration Point with
respect to the axisymmetric coordinate system can be written from
Figure 3 as:

XMPP = XJET = PMPP - 67



where PMPP is found from equation 35. An expression must now be
developed for the radial coordinate of the Maximum Penetraion Point .

with respect to the axisymmetric coordinate system, From Figure 3:

'RMPP 2\/vmpp? +zMpp? | (38)

where: _ A -
YMPP = YJET + QMPP . cos (B) -

and : . ‘
ZMPP = ZJET + QMPP - sin(B)

~ Substituting the above' expressions into equation 38 gives .

upon simplification: .

36

RMPP ;\/Y]E'_I‘Z + ZJET® + 2 QMPP (YJET-cosB +ZJET -sinB ] + QMPP?

(39)

Everything necessary to solve equation -39 has now been

- developed except for the in-plane angles, 6and B. From Figure 3:

5; = VELJET . cos ol

or:
%y
vErjET . °os ¢l (40)
Likewise, for u]
U, = S_CoS oi2'
J I
or:

= cos a2 (41)

VV"’I_F

~—



or:

and

Also,

Trom l“igur'e 3:  '
cos 0 = u/VELJET | - L (42)

Equation 42 can be rearranged as:

S u

J ]

cos 8 = GEIET ° s

Combining equations 40 and 41 with the above gives:

cos A= cos a1 - cosa2

= cos_1 [cos al . cos a2 ] . (43)

Referring to Figure 3, the following can be written:

tan al = wi/s, (44)
sin a2 = VI/SI (45)
tan = w /v, - L 4s)

Equation 46 can be rearranged as:

g

—

°1

g

tan B =

0

J.
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Combining equations 44 and 45 with the above gives:

~ tan B = tan al/sin a2

or TAN @l 7]

-1

With equations 43 and 47 complete, the location of the Maximum
Penetration Point with respect to the axiéymmetric coordinate system

"can be determined from equations 37 and 39.

Time Calculations

This seofion develops é method of approximating the time required
for a fluid particle to travel from the Maximum Penetration Point to the
engine inlet, for cases where reingestion occurs. Figure 3 shows two
points A and B, on a streamline located within the pre-entry streamtube.
Equations have already been developed for finding both the rad1a1 and
-axial velocitites at these points (equations 5 and 6), as well as the
locations of the points themselves, (equation 34). Let the quantity VAB
be defined as the averége speed between points A and B. It follows"
then, that:

VPA + VPB

where VPA and VPB are the speeds at points A and B, respectively.

These speeds can be determined from:

ve 2/ waxy)® + (VRAD) - (49)
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Let XAB be the axial distance between the points and RAB be the radial
' distance »bétween the points. Then:
XAB=XA -XB _ _ ' (50a)

and A
RAB = RA - RB (50b)

The approximate distance between the points, DSAB can be described as:

DSAB =-\/(XAB)2 + (RAB)® (51)

From the elementary equation, distance equals speed times time,

DSAB can also be eXpreSSed as:
DSAB = (VAB)(TAB)

where TAB is the time required for the particle to travel the distance
DSAB at an average speed of VAB. The above equation can be rewritten
as:

TAB = , (52)

By summing the TAB values between all of the points along the stream-
line from the Maximum Penetration Point to the inlet, the approximate

time involved in the reingestion process can be determined,

Cross Ingestion

Figure 7 shows a sketch of @ four-engined jet transport with

- wing-mounted engines., The quantities XOP and RCROSS are defined
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respectively as the axial and radial coordinates of the Maximum

Penetration Point of the reversed jet of the inboard engine relative to

the outboard engine coordinate system. Clearly cross ingestion occurs

if RCROSS lies within the outboard engine pre-entrS/ streamtube at |
XOP. With this in mind, expressions for these quanti_ties are now
developed.

The first step is to establish the center point of the inboard

engine end cap relative to the same point on the outboard engine with

the quantities XSPACE, YSPACE, and ZSPACE. With this done, XOP can

be described as:
" XOP = XMPP - XSPACE _ ' (53)
From Figure 7, the following expressions can also be written:

YOP = YSPACE - YMPP (54)

and
ZOP = ZSPACE + ZMPP (55)

From these two equations, RCROSS can be described as:

RCROSS ;\/YOPZ + ZOP2 : (56)

With XOP and RCROSS determined, the likelihood of cross

ingestion can be evaluated,
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The Pre-entry Streamtube Radius Equation

The most important streamtube is the pre-entry streamtube and k
while the radius of this boundary cannot be analytically determined at
arbitrary axial locations, it can be determined at minus infinity (RPEST).

At minus infinity, the velocity within the pre-entry streamtube is the
U ]

freestream velocity <_U—:i = 1) . At the engine inlet, the velocity

_ © _
within the pre-entry streamtube is the sum of the freestream and inlet
induced (VELRAT) \}élocities . The flow areas at these two axiai locations
are 1. RP]E:ST2 'and ™. 12, reSpective'ly.‘ Since continuity is main-

~ tained within the pre-entry streamtube, the following can be written:

v 'Aat—m - v'l\‘atInlet

] . MRPEST? = (VELRAT + 1) 1 . 1°

or:

RPEST =\/VELRAT + 1 | ' | (57)



CHAPTER V

THE COMPUTER PROGRAM

The statement listing of the computer program ié presented in
Appendix I. The block diagram of this program is shown in Figure 8 and
for clarity, the step numbers in the figure are included in the statement
listing.

Referring to Figure 8, the initial step in the program is the
inputting of the geometric, dyna‘mic, and program variables and selection
of the prog‘rarﬁ optioﬁs . The pfoceduré for doing this is described in |
Appendix II.

Program initializ_ation for the first inlet-to-freestream velocity
ratio to be studied occurs in STE'IP 2. |

In STEP 3, the normal velocities induced at each nacelle and.end
cap singularity by the freestream-inlet combination are computed from
equations 24 and 25, respec:tively.1 In additioh, the initial strength
settings of the compensatory singularities are assigned here,

The iterative nacelle generation procedure comprises STEPS 4, 5,

and 6, InSTEP 4, the in_duced normal velocities at each nacelle and end

1
For programming convenience, the number of singularities on the
nacelle and end cap are equal.

43



THE INPUT SECTION

!
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PROGRAM.INITIALIZATION
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FIGURE 8. FLOW CHART OF THE COMPUTER PROGRAM
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cap singularity due to all of the elerﬁ‘ents of the systevm are computed
frbm equations .28 and 29, respectively. The purpose of STEP 5 i.s té
record in computer memory those points where the above nbrma‘l_"
velocities have not vanished, At all such points the singulari'ty
strengths are adjusted in STEP 6 using the procedﬁre described in
Chapfer IV. The degree of accuracy to which the no-flow condition is
established is controlled by the inputted quantity EP, which represents
a selected percentage of the freestream velocity.
The. program proceeds to STEP 7 when the no-flow condition is

met .at every singular point, Otherwise, contro'l is refurned to STEP 4,

- The purpdse of STEP 7 is to provide the coordinates of a starting
poi.nt for the s,treamliﬁe generation proqedure of STEP 8. Two program
options are available here, With one option the coordinates of the

Maximum Penetration Point of the reversed jet are computed using the

Lockheed correlation. This option is employed to evaluate the likelihood

of reingestion. If the other option is chosen, the coordinates of an
iﬁputted point are used. This option is employed for generating
selected streamlines.

With an inifial point determined, the path 6f a streamline is
generated in STEP 8. Additionally, the time required for a fluid particle
to travel the streamline is determined here,

~ In STEP9 the likelihood of reingestion is evaluated. Output

confirms whether or not exhaust efflux has entered the engine inlet. If

PR
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reingestion occurs, the fluid particle time is aléo outputted. Addition.—
ally, a program option is available to determine if the entraining bortion
of the jet penetrates the pfé-entry streamtube.

| Program operation is terminated in STEP 10 unless furthexf inlet-
to-freestream velocity ratios are to be studied. If this is thé gase,

control is transferred back to STEP 2,



CHAPTER VI

RESULTS AND DISCUSSION
Vérifi'ca_tion of the‘ operationality of the computer program con-
sists of three steps:

1. Demonstration of the nacelle generation sections
of the program. This is accomplished- by showing
that the inlet flow f;eld model can be generated
Vover a»wide range of geometric and dyna'mic
éonditions , to any specified degree of accuracy.

2. Demonstration of the streamline c'omputativonal

- scheme. This is accomplished qualitatively by
plotting selected streamlines about a nacelle and
quanfitatively by showing that continuity is
satisfied between adjacent streamlines.

3. Demonstration of the ability of the program to. '

analyze a realistic reingestion problem.

Nacelle Generation

Results from several nacelle generation studies are presented in

Tables 1 through 5. At each singularity, the tables note the normal

a7



TABLE 1. NACELLE CGENERATION DATA

VELRAT = 60: ASPECT RATIO = 3; EP=0.01; NO. OF ITERATIONS = 12
Singularity dwl dpl
1 -29,12381 24,17546 0.007 0.18362 -0.75719 0.010
2 -25.46819 19.73041 0.005 .18371 - ,75737 0.010
3 -14,12882 9.91636 0.003 .18396 - .75785 0.010
4 - 8.70776 4,58291 0.001 .18436 - ,76371 0.005
5 - 5,66953 2.44176 -0.010 .18494 - .76497 0.005
6 - 3.84147 1.35647 -0.010 .18566 - ,76272 0.010
7 - 2.69018 .78559 -0.009 .18656 - .76994 0.005
8 - 1.,93872 .47825  -=0.007 .18760 - 77259 0.006
9 - 1.43300 .30737 -0.005 .18879 - ,77628 0.007
10 - 1.,08323 .20862 -0.004 .19016 - ,78017 0.008
11 - 0.83533 .14861 -0.004 .19168 - ,78562 0.009
12 - .65568 .10929 -0,005 .19334 - ,79736 0.005
13 - .52286 .09744 0.008 .19518 - .80610 0.006 -
14 - .42287 .08309 0.009 ,19716 - .81636 0.008
15 - .34636 .07186 0.006 .19929 - .83018 0.010
16 - ,28693 .06938 0.005 .20154 - .85308 0.007
17 - .24015 .07722 0.005 .20397 - .87755 10.008
18 - .20286 .08830 -0,008 .20653 - .91593 0.005
19 - .17282 .14561 -0.007 .20923 - .96087 0.008
20 - ,14835 .29073 -0.008 .21207 -1,01060 0.010
21 - .13781 .50227 -0.007 .21354 -1.63314 0.005
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TABLE 2. NACELLE GENERATION DATA

VELRAT = 10: ASPECT RATIO =3; EP=0.01; NO. OF ITERATIONS = 12

Singularity denl drl
Location > Vr CHEKR X VAX CHEKX
1 -4,85397 4.03431 0.007 0.86394 -1.01892 0.007
2 -4,24470 3.29298 0.006 .86395 -1,01914 0.007
3 -2,35480 1.50842 0.007 .86399 -1,01982 0.007
4 -1.45129 0.76922 0.006 .86406 ~1.02095 0.007
5 -0.94492 .40662 -0.003 .86416 -1.02260 0.007
6 - .64025 .22387 -0.006 .86428 -1.02412 0.008
7 - .44836 .12865 -0.006 .86443 ~1.02690 0.009
8 - .32312 .07572 -0.008 .86460 ~1.03038 0.009
9 - ,23883 .04957 ~-0.006 .86480 ~1.03468 0.010
10 - .18054 .03204 -0.008 .86503 -1,04505 0.006
11 - .13922 .02505 -0.005 .86528 -1.05205 0.006
12 - ,10928 .01624 -0.009 .86556 -1.05957 0.008
13 - ,08714 .01584 -0.007 .86586 -1.,07019" 0.009
14 -.,07048 .01789 -0,004 .86619 -1.08857 0.005
15 - ,05773 .02283 -0.002 .86655 -1,10572 0,006
16 - .04782 .03210 -0.001 .86692 -1.12854 0.008 -
17 - .04002 .04972 -0.002 .86733 -1.15886 0.009
18 - ,03381 .07909 -0.010 .86776 -1,20559 0.007
19 - .02880 .16141 ~-0.006 .86820 -1.26252 0.009
20 - .02472 .35474 -0.009 .86868 ~1.33049 0.005
21 - ,02297 .63382 -0.008 -.86892 - -1,35254 0.006
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TABLE 3, NACELLE GENERATION DATA

ASPECT RATIO = 2; EP=0.01; NO. OF ITERATIONS =14

VELRAT = 5;
sigg:ﬁ;;ty %}C""—l v CHEKR -:-x-*i VAX CHEKX
1 ~2.42699 2.00175 0.009 .85071 -1.01983 0.008
2 -2.74531 2.25474 0.009 .85075 -1.02006  0.008
3 -1.71072 1.22803 0.007 .85084 =1.02075 0.008
4 -1.17740 0.74237 0.004 .85099 -1.02192 0.008
5 -0.84646 .47211 0.005 185121 -1.02360 0.009
6 - .62576 .30499 10.002 .85150 -1.02485 0.010
7 - .47246 .20102 -0.001 .85184 -1.03277 0.005
8 - .36304 13840 6.001 .85224 ~1.03664 0.006
9 - .28331 .09497 -0.002 .85271 -1.04080 0.007
10 - .22418 .06794 -0.004 .85323 -1.04632  0.008
11 - .17967 .05194 -0.005 .85381 -1.05296 0.009
12 -~ .14569 ,04375 ~0.005 .85445 -1.06194 0.010
13 - .11942 .04371 ~0.002 .85514 -1.07872 0.006
14 - ,09886 .04334 ~0.006 .85589 -1.09307 0.008
15 - .08260 .05370 ~0.006" .856609 -1.11731 0.005
16 - .06961 .06959 -0.010 .85754 -1.14520 . 0,007
17 - .05912 .10802 -0.005 .85844 -1.18936 0.005 -
18 - .05058 .16379 ~0.008 .85939 1.25380  0.008
19 - .04357 .27233 ~0.006 .86039 -1.37106 0.007
20 - .03777 .51670 ~0.009 .86143 -1.56440 0.005
21 - .03524 .91305 ~0.010 .96197 - -1.66026 0.007

. 0S



TABLE 4. NACELLE GENERATION DATA

VEIRAT = 5:; ASPECT RATIO = 4; EP=0.01; NO, OF ITERATIONS = 11
Singularity dpl dwl .
Location = VR - CHEKR = VAX CHEKX
1 -2,42699 2.02620 - 0.008 .96139 -1,05643 0.007
2 -1,71072 1.25887 0.007 .96139 -1.05665 0.007
3 - .84646 .48609 0.006 .96140 -1,05732 0.007
4 - .47246 .21190 0.005 .96141 - -1,05844 0.007
5 - .28331 .09349 -0.004 .96142 ~1.06006 - 0,007
6 - .17967 - .04307 -0.008 .96144 -1.06222 0.008
7 - .11942 .02236 -0.007 .96147 -1.06497 0.008
8 - .08260 .01461 -0.004 .96150 -1.06841 0.008
9 - .05912 .00929 -0.004 .96153 -1.07265 0.009
10 - .04357 .00198 -0.009 .96156 -1.07781 0.010
11 - ,03293 .00170 -0.008 .96161 -1.08912 0.005
12 - .02543 .00245 - =0,005 .96165 -1.09688 0.006
13 - .02001 .00400 =0.003 .96170 -1.10670 0.007
14 - ,01601 .00644 0.000 .96176 -1.11870 0.008
15 - ,01300 .01300 0.006 .96182 -1.13342 0.009
16 - .01069 .01624 0.005 .96188 -1.15675 0.005
17 - .00889 .02644 0.005 .96195 -1.,17934 0.007
18 - ,00747 .04486 -0.002 .96202 -1.20706 0.008
19 - .00633 .10096 -0.006 .96209 -1.23760 0.009
20 - .00541 .26865 -0.009 .96217 -1,26875 0.005
21 - .00502 .51886 -0.008 .96221 -1.27575 0.006

19
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TABLE 5. EFFECTS OF NO-FLOW CRITERIA

VELRAT = 5; ASPECT RATIO =3

PARTA PART B
"EP=0.001 . EP=0.001
NO.OF ITERATIONS =12 NO. OF ITERATIONS = 19
Singularity 991 CHEKR e vr CHEKR
Location or
1 -2.42699 0.008  2.02155 2.01511  0.001
3 ~1.17740, 0.004 0.75460 0.75191 0.000
5 -0.47246  -0.002  0.20368 0.20418  =0.001
7 -0.22418  -0.007  0.06212 0.06643  -0.001
9  -0.11942  -0.006  0.02430 0.02711  =0.000
11 -0.06961  =0.007  0.01053 0.01485  =0.000
13 -0.04357  -0.004  0.01048 0.01265  =0.000
15 -0.02886  -0.001  0.01927 0.01931 0.000
17 -0.02001  -0.001  0.04803 0.04780 0.000
19 -0.01440  -0.006  0.16279 0.16727  -0.001
21 -0.01148  -0.008  0.64707 0.65953  =0.001
Singularity  2gl CHEKX VAX VAX  CHEKX
Tocation ox _
1 0.93197 0.007 ~-1.04498 ~1.05467 0.001
3 0.93200 0.007 ~-1.04589 ~1.05567 0.001
5 0.93208 0.007 ~-1.04870 ~1.05890 0.001
7 0.93221 0.009 =-1.05307 . -1.06466 0.001
9 0.93240 0.010 ~-1.06097 -1.07378 0.001
11 0.93264 0.006 ~-1.07857 ~1.08830 0.001
13 0.93293 0.009 -1.09704 ~1.10979 0.001
15 0.93327 0.006 -1.13314 -1.14448 0.001
17 . 0.93366 0.009 -1.18730 -1.20247 0.001
19 0.93410  0.009 -1.29298 ~1.30950 0.001

21 0.93446 0.006 -1.38476 -1.40059 0.001
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apl r acp1>_,

velocity induced by the freestream-inlet Co_mbination ( 5 O 5

~ the normal velocity induced by all of the elements of the system
(CHEKR or CHEKX), the singularity-produ_ced velocity (Vr or VAX), and the
number of iterations required to achieve the no-flow condition.

The singularity location numbering scheme used in the tables is

[—y

as follows. The equally spaced nacelle singularities begin with point
at t.he inlet plane and run axially to point 21 a.t the end cap plane.
Similériy, thé equally sbaced end cap éingularities begin with point 1
on the nacelle centerline and run radially to point 21 at the nace_llé
surface, |

To establish the inlet flow_field model, the nacelie generation
procedure must reduce the'normal velocities CHEKR and CHEKX along
the nacelle and eﬁd cap, respectively, to an absolute value no greater
thaﬁ the no-flow _criteria-, EP. A comparison of these nbrmal velocities
to the selected value of EP (0,01) in Tables 1-5A cléarly confirms the
generality of this procedure with respect to the inlet-to-freestream
velocity ratio (VELRAT) and the nacelle aspect ratio (AL'/2R').

The two cases presented in Tables 5A and 5B have identical
dynamic and geometric conditions but differ by an order of magnitude in
EP. Table 5B shows that increased»accuracy is readily obtainable, but
at the expense of additional iterations and consequently addvitional

computer time,
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At most of the singularity locations in Tables 1-5 the magnitude
of the singularity-produced.vélocity (Vr or VAX) required to establish

the no-flow condition differs{ substantially from that of the normal

' )
velocity induced by the freestream-inlet combination (%E-e—l- or %) .
This shows the importance of using a singularity strength adjustment

scheme to generate accurately the inlet flow field model.

The Streamline Computational Scheme

A series of streamlines gen’erafed using the éomputer program are

presented in figures 9 and 10. The results in both figures were obtained
_wi.th a naceile aspect ratio of 3 and an EP of 0,01,

The streamlines in Figure 9 were computed at a consta'nt.i'nlet-
to-freestream velbcity ra'tio'of 5. Curve 1 in this figuré represents the
pré—entry streamtube, Moving progfessivély bufward from curve 1,
curves 2, 3, and 4 ex‘hib'it the expected decreasing influence of the
nacelle's presence, |

Figure 10 shows three pre—entry’ streamtubes', computed at inlet-
to-freestream velocity ratios of 5, 10, and 60. This figure illustfates
the increasing probability o_f exhaust gas reingestion with decreasing
aircraft speed, due to the larger size of the pre-entry streamtube.

An additional pre-~entry streamtube was calculated us‘in.g as/l1
inlet-to-freestream velocity ratio but with a 2/1 nacelle aspect ratio.

The points on this curve were indistinguishable from the 3/1 nacelle
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aspect ratio case. This suggests that the path of the pre-entry
streamtube is n‘of sfrongly dependent on the nacelle shape.

Table 6 presents the results of a check for cohtinuity under-
taken at three axial llocations between several adjacent 'streamtﬁbes
in. Figure 9; At each of the lpcations , the discharge (V-A) was .found
by summing the V-A products of 20 subareaé . The results of the check
show the discharge to be nearly consta'ntbetween' streamtubes, The
maximum variation of only 1.2% flxjom'the average clearly demonstrates

the precision of the streamline computational scheme.

TABLE 6. RESULTS OF CONTINUITY CHECK

DISCHARGE (V-A)

AXIAL Between Between
LOCATION ___Streamtubes 2 & 3 Streamtubes 3 & 4

-5.100 2,57115 m 4.81250 W

3.000 ; . 2.,54358 m ' 4,79576 T

8.850 2,51183 m , 4,79334 m
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The Reingestion Example

The dynamic and geometric conditions of the exémple problem

are pre’_sented‘ in Table 7. Thé éxaniple begins with the touchdown of a

four-engined (wing-mounted) STOL trarisport and con't'inues_v through the

full deceleration process.. |
_Thé results are included in Table 7 and Figure 11. In this
example, deceleration for fhé inboard engine occurs reingestion free.

" Also, the entrainment portions of both reversed jets vnever penetrate the
pre—entfy streamtubes of thé engines disc;hargirig them. 'The aircraft
cdnfiéuration, however, proves to be highly prone to cross i.n_g‘estio_n of
the inboard engine exhaust to the outboard engine. Cross ingeétion

-begins at an aircraft speed of about 70 miles per hour and contiﬁues
through 50 miles per hour. Below this speed, the Maximum Penetration
Point of the reversed jet__of the inboard engine lies outside of the inlet
flow field of the outb‘oafd engine., The entraining portion of the jet,
héwever, continues to lie in this flow field and thus the possibility of -
further cross ingestion remains. |

Table 7‘also iists the fluid particle time for those speeds

where cross ingestion occurs.,



TABLE 7. EXAMPLE PROBLEM

DYNAMIC AND GEOMETRIC CONDITIONS
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~ VELJET' = 880 Ft/Sec.
" INLET VELOCITY = 440 Ft/Sec.
R' ' 2.000 Ft.
AL’ = 22,6 TFt.
XJET' = 20, Ft.
YJET' 2. Ft.
. ZJET' = 0.0 Ft.
XSPACE' 16.0 Ft.
YSPACE' = 24,0 Tt.
ZSPACE' = 0.0 Ft.
DIAJET! = 2,30 Ft.
CIRCLE' 0.0 Ft.
al 0.0°
a2 = 40.0°
- _ RESULTS
Aircraft Inlet-to- Was
Runway Freestream Cross Ingestion Fluid Particle
Speed Velocity Detected ? Time (Sec.)
m.p.h, Ratio
90* 3.33 No eme———
80 3.75 No | ===
70 4.30 Yes .15903
60 5.00 Yes 21740
50 6.00 Yes 39996
40 7.50 No =ee———

*Touchdown speed
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FIGURE 11, THE EXAMPLE PROBLEM
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CHAPTER VII

. CONCLUSIONS

This investigation succeeds in developing a methodifor' an'aly_Zirig
the crosswind-free exhaust gas reingestion probiem. The cases pre-
sentedbcover a wide range of nacelle aspect ratios and inlet-to-freestream
velocity ratios and clearly demonstrate the gerieral-ity of the computer
' ‘program, '. |
Results show the impartance of using some type of singularity
' strength adjustment scheme in geﬁerating the inlet flow field modelf At |
'rﬁost points, the magnitude of thé singelarity—produced velecity required
to establish the no-flow cehdition differs substantially from that of the
normal velocity induced by the freestream—-inlet combination.

Additior;ally, data suggests that the shape of the pre-entry
streamtube is uninfluenced by the nacelle aspect ratio, It appeare-that
the accuracy of the method is independent of the nacelle shape, as is

assumed in the development of the inlet flow field model.
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APPENDIX I

THE COMPUTER PROGRAM
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0001

Qov2
0003
0004
0003
006
0097
0008
0009
0010
0611
00l2
0013
0014
0018
0036
0037
oo}ls
0019
0020
o021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0032
0034
0033
0036
0037
0038
0039
0040
0041
0042
0043

0044’

0045
0046

0047

0048
0049
0050
0054
0052

[aTeXaRalele

[aXaXalaX s

OO0

OO OO0 OO0

WRREERREE SR
% STEP 1 *
SREESRESNEE
THE DIMENSIONING SECTION  ¢60stdtdstdttdddstddssdtsdststrttettess
DIMENSION VR(Jl)IVAX(Jl)lDPR(Jl)IDPX(JI)IRADXAL(Jl’IAXxAL‘Jl)
DIMENSION VR{21),VAX{21),DPR{23)4DPX(21),RADIAL(21),AXIAL(2Y)
OIMENSTION KDIN4C21),KUN3C2Y) .
DIMENSION CHEKR(21),CHEKX (21}

THE INPUT SECTION PP PPTUOP YIS T YT IT 2 XS R TR LA XL L 2L L 2 L L)
PROGRAM OPTIOUNS

{LAST/NOVET,NOCRQS,NSPEED,NOCARD,NOPEST)

LASTe2 : :

NOJETsO

NOCROSs)

NSPEED®0

NOCARD®0

NOPEST®O

PROGRAM INPUTS
(EP,DELTAX)
EPe, 04
lEsng7 DELTAX AS POSITIVE FOR FORWARD PLOTTING, NEGATIVE FOR
RSE - .
QELTﬁx:OQ300000000000000000000

DYNAMIC INPUY
(UBASVELRAT,VELJET)
UBA-“.
VELRAT#S,
VELJET=880,00000000000000000000000000

GEOMETRIC INPUT ' .
. ‘RIALAoXJETJYJETIZJEToALPHAIJ‘LPHAZJXSPACEoYSPACElZSPACEJ
. DJAJEY,CIRCLE)
R®2,000000000000000
ALAw22,600000000000000000000000
XJET®20,000000000000000000000000
YJET2,00000000000000000000000000
2JET%0,0000000
ALPHAL1%7,50000000000000000
ALPHA2540,000000000000000000000000000
XSPACE®#16,000000000000000000
YSPACE®24,000000000000000000
2SPACE®0,00000000000000000000000000
DIAJET#2,30000000000000000000000
CIRCLE=0,0000000000000000000

PROORAM ADJUSTMENTS :
{XCHEKsSLOPE,J6,JYsKLAST,DIV2sDIVA,N3STOP)
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0953
0034
0033
0036
0037
0038
0039
0060
0061
0062
0062
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074

0077
oo7e

0099
0100

0105
0106

oloé
0109
0140
0l
0112
0113
0114
0143
ollb

oul7 .

0118

[2X 2% o]

(22 2]

7011

7008

~INITIALIZATION I

INITIALIZATION 1

XCHEXw50,

SLOPEs .75

Joses

Ji=21}

KLAST=20

DIv2eé,000000000000000000000°

DivVenz,

N3ISTOPwé
(1211122 1]
* STEP 2 *
eSS REPERE

[T I I IR LR 2T T TRPTL AL TRRL 2 2 LT T )
DHOLDOwDELTAX : .
QS1ud #VELRATHUBA

NSPaQ
VELGETaVELJET
JLASTaJle])
DIvimJLASY
ALSALA/R
DX=AL/DIV]
DSR=l,/DIV]
ILAST-JLAST
DT1a6,28318/01V)
J1=1LASTe]
KTnILAST
K8=]l

NORADs1
NOAXe}

QFF»0,
KTESTni%y}
CONTINVE
OPSnl,/(4o%3,34159Y84A)
KON1w0O

KONSEY

QUTPUT KONS

IFINDCARDEQ,0)60 TO 2

READ{S,396)VR
READ(S,396)VAX

00 7006 Jsl,Jdi
WRITE(6,383)IVR{JIAVAX(J)

G0 yQ 7010
L LS I E
¢ STEP 3 »
LI LI ET L L
KON1®KON]+]

1F(KOGN1,GTKLASTICO TO 1007
JIF(LAST,EQ 1 )WRITE (6,304 )KONY
JF(LAST,EQ,1)WRITE(6,300)
IP(LAST.EQ,1}WRITE(6,305)
JF(LAST,EQ,1)}WRITE(6,300)

EXTYXTY T LI 2T I IS AR T 2L L 2T I T Y LTy
KONXsO :
KONREO
00 3 Jeisdl
Adelel
XeAJuepXx
SRaAJ#DSR
JF(JyGE 1 )XaXaDXS,5
1F(JsGE,J1)SRASR=DSRS, S
JP(KUNL,GT,1)60 TO 4

CALL COOP(XaSR:K0N51AboB4lA3183ISUHZISUM3:SUH6:SUH5:°TI:0?14:71
RAD,NOAXsJ1sALSNZ,NG)
AXJAL(J)u1,=QS1*DPS*AL®SUM3

64



ofls
0120
0121
0122
0122
0124
0125
0126
0127
o128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
014l
0142
0142
0146
0145
0146
0147
0148
0349
0150
015l
0182
0153
. 0154
0185
0156
0137
o158
0159
0160

i
0162
0163
0164
0163
0166
0167
ole8
0169
0170
0171
0172
0172
0174
0175
0176
0177
o178
0179
0160
ole}
0182
o162
0184

[N 2 X a1

29

[z X 2% 2]

OO0

43
(1)

45
40

8000

OO0
.

7010

1602

11
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RADIALCJ)#=Q51#0PBsSUMN2

VAX(J)s=AXIAL(J)

VR{J)n=RADIAL(J)

IP(AXTAL(U)13,29,29

WRITE(6,307)

G0 10 1007

IR(LAST, EQ, l)HR!T!(64306)J:0FF0RADIAL¢J):UFFoOFFJOFFoAXIAL(J)oU

OFF,OFF, UFF ‘

G0 Y0 3
SEREKEEREES
« STEP & »
SRR EF B R

CALL STUFF{JaXoSRIVAXsVRIAL,DXsDSR)DTL,KT,KB2KONS, TRMII, TRM34 T
S)TRM36,NORAD)NDAXINZ NG )

TRM3600,

DPR{J)I®TRMI4+TRM3S

DPX¢J)aTRM3I3eTRM36

CHEKR{J)®DPR{JI+VR(J)«RADIAL ()

CHEKX(JIWDPX(J)+VAX(J)+AXTIALLY)

SORRRRANEHE
® STEP 5 »
L T T L

TF(ABS(CHEKX(J))4LELEP)GO TO 43

KON4§J)el

GO TD 44

KON&(J) =2

IF(ABS(CHEKR(J) ) LE, EP)GD TO 43
KON3(J)=1)G0 YO 46

KON3(J)m2

KONR®KONR&KON3(J)
KONXSKONXeKON& (J)
IP(LAST,EQ,2)60 70 3
NRITE(b:iOb)J;VR(J)JRADIAL(J’lTRHSQ;TRHS!;VAX(J)JAX!AL(J)aTRM33:
M36,CHEKR(J)ICHEKX(J)
CONTNUE

KSUM»KONX+KONR
JF(LAST,EQ,2)60 TO 8000 -
WRITE(6,300)
WRITE(6,30]1)KSUM
WRITE(6,303)KDNR
WRITE(6,302)KONX
WRITE(6,300)

WRITE(6,300)

CONTJNUE
IP(KSUM,GE.XTEST)GO TO 28
IP(KONL1,EQ,1)60 TO 2

SERERRERRES
® STEP &6 *
SRS ERaBERE

CALL STABLE(J1:KDN6;KDN3:CNEK!:CHEKR;VAX,VR)

6o T

WRITE(6,313)KON1

JP(LAST,GE,2)00 TO 7010

GO TO 7007 .

: RERE SRR RS
* STEP 7 »

. WESERR N
CONTINUE

{F(NOPEST.GT,0)G0D TO 1602

JP(NUJET,EQ,0,AND.NOCRDS,EQ,0)G0 TD lo0e

CONT | NUE

VELJETVELGEY

CALL THEJET(NDCROS,YJET2ZJET/ALPHAL,ALPHA2,DIAJETSVELJET)XJETIXM
sRMPP ) ZSPACESYSPACE,XSPACE, XOP,RCROSS,VBA R, THEATA)NSPHRJET)



01603
ol6é
0187
o188
ole9
0190
019}
o192
0193
0194
0193
0196
- 0397
olye
0199

0201
0202

1008

1603

1437

1600
1601

1022

1022
1006

1040

1042
10e)

DELTAXS(ABS{X))/(DIVIsRNAL)

KONSw2

QUTPYT KONS

Nil=Q

KO0Plel

WRITE(6,314)

NOPEw}

NAL=O

TIMEL O,

IP(NDJET, BQ,1)G0 TO 1437
IB{NQCROS.GT,0)GD TO 1600
l'(NUPEST.GT.O)GD T0 1437
CONTINUE
READ(S,308)XsSRsTIMEY

GO TOD 1438

XeXMPP

SReRMPP

ﬁRlTE(61397)XJSR
SReSReCIRCLE
SLDPEZI(RJET-(DXAJETII )‘CDS('HEAYA)'SR)I(XJET-X)
BEEs ReSLOPE2WX

1P (NOPEST,.GT,0)CD TO 1603
GO TO 1601

XaX0P

SReRCROSS

CONT | NUE

NALwABS{X)/AL
IPINAL(GT,0)GD TO 14239
NALsl

RNAL oNAL

FLTI TP EIT TS
* STEp 8 »
(LI PTIT LT
CONTINUE

WRITE(6,308)%,SR,XCHEK

KOOP2eXCHEK

N2e»}

N3=0

Nés=)

LESSe}

XX1s0,0000000000

XX2s0X .

NOGOs Y

ogx-o 000000000000000000000

JS»0

NTIM®0

NI=}

NSSUMsO

NIEAR®]

EP2=ABS{DELTAX)

EP3smppP2/5,

EPhmAL+EP2~EPD

J3%10000

JF(DELTAX11022,1023,1023

JeJjie2

J2me2

IP(XeLT EP4L)LESSa2

GO TO 1006

Je=1JJ2m2

JF(X¢GT ,EPIINOPEm2
IP(DELTAX)1040,1041,106)
1F(J3,EQ,J)60 TO 1020
TF(XoLE,EP4,AND LESS,EQ.L1)G0 TO 1042
GO TO 1028 :

J3nJJ)GO TO 1028
IP(X.0E,EP2)GD TO 1020
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0251
0252
0253
- 0254
0253
0256
0257
‘0288
0259
0260
0261
0262
0263
0264
0265
0266
0267
0268
0269
0270
0271
0272
0273
0274
0275
0276
0277
0278
0279
0280
0201
0282
0283
0284
0283
0286
0287
0288
0289
0290
029}
0292
0293
0294
0295
0296
0297
0298
0299
0300
0301
0302
0303
0304
0303
0306
0307
0308
0309
0310
0311
03)2
0313
- 03)4

0315

0316

¢
1020

1025

c
1026

1302

¢
1024

¢
1045

¢
1027

¢
1028

1048

¢
1021

1049

1030
1076
1031

1501
1500

67

G0 T0 loz2e

N2e=2 :
1F(J2)1025,1026,1026

XoALw 540X} JSTOPeLDELTAXa=2,%DX
J3e1000 .
GO Y0 1024

IF(NOPE,EQ,2)60 TO 1502
X%0,0000000000000000000000000
JSTOPa Y

JasJjla2
JOOJNOIVZ'D!V!JNDSV3CDIV2/ZQ
DELTAX®2,%DX/DIV2

NQGO®2

J2dw]

GO TO 1065

Jrded2
TF(J,EQ,JSTORP)IGO TO 1045
GO YO jo2s

N2e3

JP(J¢EQ,1)G0 TO lo027
XsAlLe, 530X

J3=1000
RN3STPEN3ISTOP w2
DELTAx-oHOLD/RNasfP

N2=4
GO TO jo28

DELYQXIDHOLD
Jeo
X80,

IP(SR,LE.O,IWRITE(6,386)

1P(J4EQ.1,AND SR,LE,1,00160 YO 1203

CALL'€DOP (X, SR, KUNS, A4s B4, A3, B3, SUN2, SUH3, SUNG, SUMS, DT1,0P14, T3,
RAD,NOAX,» 11,ALINZ,NG)

IF(NORAD,EQ,2)GD TO 1048

DPOTRe=Q5 1 4OPB*SUMG

1R (NOAX,EQ,2}060 TO 1021

DPOTXsl,=QS1#0PSexXaSUMS

CALL STUFF(JaXsSR,)VAX,VR,)AL,0X,DSR,DT1,KT7,KBsKONS, TRM33, TRM34, TF
$)TRM3I6,NORADINDAXs NZsN4 )
JF(NORAD(EQ,2)G0 TO 1049
VRADWOPDTR4TRMI4+TRMIS
1F(NUGD,GT,2,AND,VRAD,GE,0,)VRADSO,
1P(NUAX,EQ,2)G0 TD 1050
VAXYsDPOTX+TRM334TRM3S

GD TO(1051,1051,1006,1067;1076),Né
NORADa}

TF(VAXY LE, O, )WRITE(6,287)
DROX®VRAD/VAXY
TF(ABS(VRAD)sLE.EP)DRDX®O,
JP(NUPE,EQ.1)C0 TD 1500

JF(VAXY,GE,0,)60 TO 1501
NOPEw)

GO 70 1101

NOPEw}

CONTINUVE

SLOPE CHECK SECTION LTI LI AL Td DA f AT T I P ey

IP{NUGQ,EQ,1)60 TO 1096



03i7
0318
0319

0320

0321
0322
0323
0324
0325
0326
0327
0328
0329
0330
033}
0332
0333
0334
03338
0336
0337
0338
0339
0340
0341
0342
0343
0344
0343
0346
0347
Q348
0349
0350
0351
0352
0333
0354
0358
0356
0357
0358
0359
0360
0361
0362
0363
0364
0365
0366
0367
0368
0369
0370
0371
- 0372
0373
0374
0375
0376
0377
0278
0379
0360
0381

p3s2

1430

1402

1402
1404
1405
1400
1407
1432

1429
1435
14306

1431

1634
1433

¢
1096

1073

68

IP(ABS(DRDX) LT, SLOPEINSLOPE®L
IF({ABS{DROX)CE,SLOPEINSLOPERNZ
IEINSSUM,EQ,0)GD TO 1430
IF(NZER,EQ,2,AND,N1,GT,0)60 YO 109¢
IP{NL1,EQ.0)C0 TO 1432
NSSUMaNSSUMeNSLOPE

GO T0 1096

NSHOLDO«NSLOPE

NSSUMaNSLOPE

JHOLOwd

XXiKoXX1

" XX2H®XX2

VRHOLD=VRAD

VXAOL 0= VAXY

DROXH=DROX

NUMBER®}

GO TU (1096,16402,1403,1404,1405,1406,1407),N0GO
{F(ABS(DRDOX),6T,SLOPE)GD YO 1408
JP(J4GE,J6)G0 TO 1077

60 Y0 1096
IF(ABS(DROX)4LT,SLOPE)GO TO 1082
GO YO 1096
JR(ABS{DRDX)sCT.SLOPEIGO TO 1408
GO TQ 1096

ll(ABS(DRDx)-LY SLOPE)GO T0 1200
GO T0 1096
1F(ABS(DRDX),GT,SLOPE)GD YO 1409
GO0 TO 1096
IP(ABS(DRDX)4GT.SLOPEIGO TO 1409
GO TO 1096

IP(NSHOLD,EQ.2)GD TOD 1429
JF(NSSUM LE,6)GD TO L4330

XexXHOLD :

SRaSRHOLO

NSHOLDs2

GO TO 1431

IF(NSSUM(GEL6)G0 TO 1ed0

G0 TU 1436

NUMBER O

NZER®}Y

XeSRHOLO

SReXHOLO

NSHOLD®1

VRADWVRHOLD

VAXY®VXHOLD

DRDXSDROXH

Nis0

NSSUMaNSHOLD

NUMBERSNUMBER®]
JF(NUMBER,GE,3)GD TO 1433

" WRITE(6,399)

WRITE({6,300)

IF(J4EQ,JHOLD)GE TO 43¢

XX1aXX1H

XX2mXX2H

JaJROLD

GO TU(1096,1408,1082,)1408,1200,1409,1409),N0G60
WRITE(6,398)

50 Ty 1007

~ CONT]NUE

CALL RUNGE(XlSR:XHDLDoSRHDLDlDRDXIDELTAXJJ3JALJEKIJEK205K315K‘JN
JoDXa 00Xy 45, NOGD, XX1,VAXY,VRAD)EP)NZER)
JF{(NIER,EQ,2)00 TO 1433

GO YO(1012,107501075,1013)sN1

G0 TU(1028,1073,1086,1080,1103,1080,1073),N0GO



0429
0430

0432
0433
0424
0435
0436
0637
0438
0439
0440
0641
0442
0443
Qhbb
0443
04406
06447
0448

1012 .

1013

1413
7009

¢
1097

1063

1029
1046

¢
1065

106}

1094
1100

1074

1062

1202
1092

1073

¢
1077

¢
108}

G0 7O 1028

CONTINUVE

G0 70(1028:10730103611030111030100011073)1N060
GO YO 1028

WRITE(6,383)X%,5R

WRITE(6,300)

Nia0

{1F(NOJET,6T,0,0R,NOCROS,GT.0)G0 TO 1413

IF(NUPEST, EQ 0)GU TO 1097

IF(NAL,EQ.=10)GD TO 7009

BORDERwSLDPE2wWX+BEE

IP(SR,GTBURDER)NALS=10

3F‘N‘L15Q|'10)WRITE(60395)

ESLL‘YLHE(NTlHlXA:XB;RA;RB:VPAuVPBJXJSROVAXYJVRAOoT!NEllT13523
NT INVE

60 T0{1083,1062,1086,1062,1103,1062,1062),N0G0

KOOPleKOOP1e}
JE(XO0P1=KOOP2)1029,1029,7007
GO TU(1006,102441028/1040),N2
N3aN3el

TE{N3,LTyN3STOP)GO TO 1028
DELTAX'DHDLD

GD TO 1028

Jée0

J3e0

JnJey28

IF{J2B,LT,1)60 TO 1100
IF(J,EQ,1)G0 TO 1094

XX1sXX2
IP(J+€Q,1)XX100,0000000000
XX2wXX140X

JF(NDGO,EQ.3)G0 TO 1084

GO TU 1074

XX28XX1

XX)luXX2«DX
1F{J1EQ,2)XX1»0,000000000000000000
IF(JQLT.I.AND.NI.!Q.OND T0 1203
1F(NOGO,EQ,3)G0 TO 1084

Née2

JF{(NOPE,EQ,1)GO TD 1028

NTRY®2

GO TO 1087

Jhrghel

JF(J4,EQ,NDIV3,AND,NOCO,EQ,4)GO TD 1081
(J9,EQ,NDIV2,AND,NUGUEQ,4)GD TO 1081
(J4,EQ,NDIV2,AND.NOGD,EQ,6)G0 TO 1201
(J4,EQNDIVS,AND,NDGU,EQ,6)G0 TO 1201
{J4.EQ¢NDIV3)IGU TO 1061
(J4,EQyNDIV2)GD TD 1065
(J5,EQ,NDIV2)GD TO 3074

G0 YO 1080

NDGOe}

Née}
DELTAX®2 ,*DX
G0 TO 1096

NOGOw2
DELTAX®2,#DX/DIV2
Jébal

G0 10 lo92

IF
1¢
1F
1F
If
1F
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0449
0450
0431
0452
0432
0454
0455
0436
0457
0458
0459
0460
046}
0462
0463
0464
0465
0466
0467
(1Y 1]
0469
0470
0474
0472
0473
0474
0475
0476
0477
0478
0479
0480
0461
0482
0483
0404
0465
0486
04687
o488
0489
0490
0491
0492
0493
0494
0495
0496
0497
0498
0499
0500
0501
0502
0503
0304
0303
0506
0507
0508
0509
0510
0511
0512
0513
0514

¢
1408

1087

1105

1093

4
1106

1084

1086
1428
1427
1428
1103

1426
1107

¢
1082

¢
1409
1101

¢
1200

4
120}

¢
1080

1066

NTRY®}

NOGOn3

XMAXS ,999%X

J2Bw] :

IP{J4LEJNDIVS)GOD TO 1093

JorNOIV3

DP1200==],

G0 TO 1106

Jhno

gPl200w°1, ; :
NEXY CARD GETS A DELTA R POR THE FLIPPED RUNGE=KUTTA METHOD

DELTAX®==0X/(DIV4®D]V2)

IP(NTRY,EQ.1]G0 TO 1410

JF(NOPE,EQ.,3)C0 TO 150)

JF{NUGO,EQ,5)G0 TO 1103

60 TO 1086

JanJaeOPL2000ND1IV3

DP1200s~0P1200

{F(NQGDO,EQ,5)60 TO 1103

IP(X,0E,XX2)G0 TO 1061

1P (XeLT XMAX4AND(N1,EQ.,0)C0 TO 1428

XMAX®X

60 T0 1107

JF(VAXY)1426,1426,1087

JP(VAXY)1101,1425,146423

IF(XoLEXX1IGD TO 106} ]

SP(X GT,XMIN,AND,N1,EQ,0)00 TO 1427

XMINOX ’

1P(SR,GE.1.,01)G0 TO 1080

WRITE(6,388)

60 T0 7007

NOGOe4
DELYAX®2, % (XX2«X)/D1V2
J2Bw]

380

60 TO 1096
NTRY®}
NOGOD=S$
XMIN®1,001%X
J2Baw]

JIF(J4,GE/NDIV3)GO TO 1093
60 YO 1103

NDGOn6
DELTAXSw2,#(XuXX1)/DIV2
JIe0

J2Bawl

GO TO 1096&

NOGOs®?7
DELTAXuw2,%DX/DIV2
J2Bae}

GO TO 1092

Né=3
NOAXs2
XX3nX
XuxXl

60 TO o286
N4ag

XsXX2
YR1=sVRAD
60 TO 1og8
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03§53
0816

0517,

03518
0519
0320
0521
0522

0323

0324
0528
0326
0527
0528
0529

0530 .

0331
0532
0533
0536
0535
0336
0537
0536
03539
0540
0541
0542
0543
0346
0545
0546
0547
0548
0549
0550
0551
0552
0553
0554
0555
0556
0557
03358
0559
0560
0361
0562
0563
0564
0365
0566
0567
0368
0369
0570
0571
0572
0572
0574
0578

1067

4
1410

(22X 2}

1203

OO

T007

1007
300

. 302
3203
204
305

306
307
308
313

4
aes
286
287
388
290
39

392

394
298

296
297

398
399

NaeS

XaxXX3

VR2aVRAD

VRAD® { (DX=DDX)/DX)*(VRi=VR2)4VR2
NOAXwY

NORADw2

GO 7O jo2e

NTRY®2
60 TQ 10%6
Rt T
"% STEP 9
SRERES bR R
WRITE(6,390)
TIMEL=TIMEL®R/UBA
JF(NOJET CT,OIWRITE(6,391)TIMEL
IF{NUCRDS, GT OIWRITE({6,392)TIMEL
IP(NDJET,EQ, O.AND NOCROS . EQ.O)WRITE(6,294)
G0 TU 7007
Tl T
¢ STEP 10 .®
_ I
JTF(NSPEED,EQ,0)G0 TO 1007
NSPuNSPe}
IF(NSP,EQ,NSPEED)CTO TO 1007
READ(S,396)V8A
GO YO 7011
stTop
FORMAT(101)
FORMAT('KSUMBI,13})
FORMAT{ IKONX®1,13)
FORMAT('KONRwE,13)
FORMAT('KONLa !, 18)
FORMAT(! J . VR RADIAL VR=RAD v
AX VAX AXTAL VAX=RAD VAX=AX CHEKR CHE
1) .
FORMAT(2X,110,8(2xsF10¢5)s2(2XsF0,3}))
FORMAT(!THE NACELLE CAN NOT BE GENERATEDI)
FORMAT(3F10,5) :
FORMAT({'THE INLET FLOw FI1ELD MODEL HAS BEEN GENERATEO- THE NUMe
OF ITERATIONS REQUIRED WASt,»1S)
FORMAT(! X SR XCHEK ')
FORMAT(8F10.3)
FORMAT(ITHE RADIUS HAS BECOME NEGATIVE!)
FORMAT{!THE AXIAL VELOCITY HERE 15 NEGATIVE!)
FORMAT{ ' THE RADIUS HAS PENETRATYED THE NACELLE!)
FORMAT(1THE STREAMLINE HAS ENTERED THE INLET!)

FORMAT({'EXHAUST GAS RE-~INJESTED'sFB,5, tSECONDS AFTER PENETR
10N OF THE PRE=ENTRY STREAM TUBE')
FORMAT(TEXHAUST GAS CROSS=INJESTED!,F8,.5, YSECONDS AFTER PEMN

RATIUN OF THE PRE-ENTRY STREAM TUBE!)

FORMAT (1EXHAUST GAS INJESTION WAS NOT DETECTED!)

FORMAT( ISECTIONS OF THE ENTRAINMENT PDRTION OF THE JET LlE WITHY
THE PRE<ENTRY STREAM TUBE!)

FORMAT(AF10.3)
FORMAT () THE MAXIMUM PENETRATION PDINT OCCURS AT',F10.53, '
D11 AXIALLY AND',F10.5, TRADI] RADIALLY!Y)

FORMAT(1THE PDINT 1S CURRENTLY UNDBTAINABLE')

F?RMAT('PRDCEDURE CHANGED AT THIS POINY, ABOVE NUMBERS ARE NO ¢
D)

END



o000l
0002
0003
0004
0003
0006
0007
0008
0009
0010
0011l
00}2
0012
0014
0033
00316
0017
oolé
. 0019

0020
0021
0022

0001
0002
0003
0004
0003
0006
0007
0008
0009
0010
001}
0o0j2
0013
0014
0019
0016
0017
00ls
0019
0020
0024
0022
0023
0024
0028
0026
0027
0028
0029
0030

0031 -

0032
0033
0034
0033
0036
- 0037
0038
0039

5000

1079
1016

1044

1043
1047

1048

SUBROUTINE TIHE(NTIM:XA:XB:RA:RB;VPA,VPB;X;SR;VAXY;VRAD:TIHEI:T!

2)

THIS SUBROUTINE CALCULARES DIMENSIONLESS TIME
JP(NTIM,EQ,0)00 TO }
XAsXB
RA®RE
VPAsYPB
XBaX
RBsSR i
VPBaSQRY(VAXY##24VRADSH2)
JPINTIM,EQ,0)0D TD 2
GO0 Y0 3
NTIMe}

60 TO 5000

VABs (VPA®VPB) /2,
XABuXA=XB

RABwRA=RB
DSABSSQRT{XABS®24RABKS2)
TABsDSAB/VAS
TIMELaTIMEL#TAB

RETURN

END

SUBROUTINE RUNGE(XISR;XHDLD,SRHDLD;DRDX:DELTAXIJ”ALIEKIIEKZ:EK.
& KésN1,d2DX,0DXsJ5,N0G0, XX1) VAXY,VRAD,EP)NZER)
TN!SN:ECIIUN CONTAINS THE RUNGE«KUTTA METHOD,
sNlel
1B (NUGO,EQ,3,DR,NOGO,EQ,5)GD TO 6
60 TU 1079

NSe}
IR(ABS(VRAD),LE,EPIGQ TO 7
DROX®VAXY/VRAD
IP(ABS (VAXY) LE.EP)DRDX®0,
60 10 2
NZERW2
G0 YO 5000
N3=3
GO0 Y0 2
J8sJ542
. DDXnXwXX1
G0 10 5000

RSWAPRSR

XosRSWAP

SRuXSWAP

G0 TU(1079,8000,3),N5

GO TU(1016,1017,1016,1019)sN1}
EK1wDRDXMDELTAX
I1P(J3,EQe1000)G0 TO 1042
XHOLDmX

SRHOLOwWSR

XaXeDELTAX/2,

SReSR+EKL/2,

G0 10(5000,3,5,3,5,3,3),N0GO
XwALJJ3=100005G0 TO 1044
EK2sDRDXWODELTAX
SRaSKHOLD#sEK2/2,

[¢] TQ(’OOOI’OOOI107305000410700500055000)1NOGD
EK3wDRDX*DELTAX
XaXHOLD+DELTAX
JIP{JeBQ ¥2 ) XuAL~,5%0X
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0040
004}
0042
0043
0044
0045
0046
0047
0048

0003
0002
0003
0004
0003
0006
0007
0008
0009
ooio0
0011
0012
0013
0014
00315
0016
0017
0018
0019
0020
0021
0022
0023
0024
0023
0026
0027
0028
0029
0030
0031
0032
. 0033
0034
0033
0036
0037
0038
0029
0040

0001
0002
0002
0004
0003
0006
0007

173

) ) -
SRaSRHOLDSEKS
GO TO(5000,425,455,444),N0G0

1019 EK4nDROXSDELTAX
DELRADW(EKL142 ,WEK2+42,%EKI+EKA) /6, . . |
XeXHOLO+DELTAX b
SRaSRHOLO4DELRAD
GO TG(5000,5000,1078,5000,107845000,5000),N0GO

5000 . R:TURN
END

SUBROUTINE THEJET(NOCROS,YJET,ZJET,ALPHAL,ALPHA2,DIAJET,VELJET,X
t TIXMPPSRMPP,ISPACE,YSPACE,XSPACES XOP,RCROSS,UBA,R) THEATA)NSP,RIE
¢ THIS SECTION CONTAINS THE {(OCKHEED CORRELATION,
1F(NSP,6T,0)GD TOU 200
XJETHXJET/R
YJETOYJET/R
LJETHLJET/R
DIAJETSDIAJET/R
ALPHAL®=ALPHAL/57,29578
ALPHA2=ALPHAR/37.29578
200 CONTINUE
VELJETeVELJET/UBA
RJETRSQRT(YJET#w24 7 JETH#2)
JF{ALPHAR,LT,,01)G60 TO 1
BETASATANI{TANCALPHAL) /SIN(ALPHA2))
TP(ALPHAL,LT,,01)BETAR0,000000000000000

60 10 2 .
1 BETARS0,000/537,29578
2 CONTINUE

THEATARACDS(COS(ALPHAL )*CDS(ALPHA2))
AN(Lleme T304 (SIN(THEATA) )®%,683)
PMPPR2OT#DIAJETEAW (VELJET SN ,94)
QMPPRPMPPHTAN(THEATA)
XMPPOXJET=PMPP . '
RMPPASQRT(RJETH®2+QMPPR®242 ,8QMPP ¥ (YJETHCOS(SETA)*2JET*SIN(BETA)
OUTPUT XMPP,RMPP
JF(NOCROS,EQ,0)G0 TO 5000
IF{NSP,GT,0)C0 TO 205
XSPACE®XSPACE/R
YSPACEwYSPACE/R
ISPACES2SPACE/R
205 CONTINVE
IMPPRRMPPESIN(BETA)
20Pm2SPACE«IMPP :
YMPPaRMPP*COS(BETA) }
YOPsYSPACE=YMPP '
XOPeXMPP=XSPACE
RCROSSHSQRT(YOP#w2+70p%e2)
5000 RETURN
END

SUBROUTINE STABLE(J1,XDN4, KON, CHEKX, CHEKR, VAX, VR)
OIMENSION KONG{J1)sKONItJL),CHERXEJLI,CHEKREJLD, VAX(JL),VR{JL)
¢ THIS SECTION ADJUSTS THE COMPENSATORY SINGULARITY STRENGTHS,
40 DO 42 Ialyd}
JF(KONA(])GE,2)GD TO 47
AlO2RCHEKX(1) /2,
TF{VAX(T)SCHEKX(]) 64,064,062



0001
0002
0003
0004
0003
0006
0007
0008
0009
o010
0011
0032
0013
0014
0015
0016
0017
ools
0019
0020
0021
0022
‘0024
0028
002¢
0027
0026
0029
0020
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048

62
63

o4
o7
56
60

(29
42

309
310

312

3

34

953
917
909
910

11

[P (ABS(VAX{1))=ABS(A102))63,03,04
VAX(])eVAX(E)/2,08

60 70 47

VAX{])sVAX(1)mAl02 . i
TP({KUN3(]),GE,21G0 TO 42

ALOIRCHEKR(TI)/2,
TP(VR(TIRCHEKR(T))61,
IF(ABS(VR(1))=ABS({ALO
VR(J)}®VR{1)/2,05

G0 TO 42
VR{I)wVR({])=AL0L
CONTINUVE

RETURN

ENO

61,56
1))60,60s61

SUBROUTINE STUFF(JIX)SR;VAX;VRJALODX:DSR'DTl:K?aKGoKDNSpTRH33JTF
& 4sTRM2%3, TRM36,NORAD,NOAXsNZ,N4)
THIS SECTION COMPUTES THE COMPENSATCRY TERMS USED IN EQSe 5 G 6,
DIMENSION VR{21),VAX{21)
FORMAT('DIV 8Y ZERU,es0e00.0PT4 AND OPB1 N STUFF!)
FORMAT('DIV BY ZERD,4+4s¢0PT6 AND OPB3 1IN STUPF!)
FORMAT('NEG SQRT,ss0ee0PT4 AND OPBL IN STUFF!]
FORMATLINEG SQRT.sses OPT6 AND OPB3 IN STUFF!)
TRM3300,JTRM3480, 3 TRM3500,5TRMIGO,
0P30@(1./12,%3,14139))80T)
0P30A=DP30%DX
0P308e0P30%DSR

00 22 Killml,X8

!F(KH-EQ.I.DR.KH.EQ.KNDP‘H'OJ
AK11wKllel

X1leDX#AK]]

SR3sDSR*AK]L

IP(KL)+GE KB)X1uX1=DX#¥(5
JP(K11,GE KB}SRInSRIDSR*,S
OP77%0,30P 7880, )0PB480,0PE850,
DO 21 K9B1,K?7

AK9uKG=]1

T1n0T1%AKY

JF(KONS,EQ.1)RSa} .,
IP(KUNS,EQ,2)RSmSR
DPIOO-((X-AL)‘*ZORS#tZ-Z.‘RS‘SRS‘COS(Tl)‘SR!“Z)‘*B
[F(KON3,6T,1)60 TO 33
1F(0P100)953,953,34
IF{DP100)917+909, 34
OP73w5QRT(OPLO0)

1P {NURAD,EQ,21G0 YO 1
0P76IVAX(K11)*(RS-SRB#CUS(TI))#SR!/OPT!
60 10 910

DP7480,3GD TO 910
OP74m0,SWRITE(6,311)360 TO 910
OPT74m0¢sWRITE(6,209)
OP77w0P77+0UPT4

UNIT 1..'...-.DP-CAX/DX.........-cTRH!b.-.u..........wuuuuu
IF(KUNS,EQ,1)00 TO 938
IF(NUAX,EQ,2)00 TO 32
1F(0P00,LE,Q,160 TO 911
OEDIUVAX(KIID*(X-AL)‘SRSIDPT?
60 TO 912 .
pPeyed,

74



0106
0107

0109

(2% 2]

912
L ¥ ]

938
2
1]

937

952
918
913
914

919
80

913
916

3

22

951

"OP8SeDPAESH0PEY
JF(KON5,GT.1)CD TO 32

UNIT 3-10.olOQDP‘CR/DI-coocoona-ocTnﬂsaoooo-ouocnot-oc*“““""‘
IF{X1,GE.AL)GD TO 952
DPez-(tAL-xt)"2¢sanz.z.tsatcosm)ﬂ. IELF]
[P(OPB2)952,982,36
OPQZ'(‘X'Xl)**Z‘SR“ZGI.-SR‘CUS(TI)0‘ )."
IP{NDAX,EQ,2)60 TO 2
1Pt0982’915:913036
OP7SaSQRT(0PE2)

IB(KON5,LEL1)60 TO 937
DP76'VR(K11)‘!X°X1)IOP75

G0 YU 91

DP76IVR(K11,‘(AL «X11/0P75

G0 TQ 914

OP7680.360 TO 914

0P7600, JNRITE(G:?IZ)JGO T0 914
OP76%04 JWRITE(6,310)
OP78a0P7840P 74
IF(NORAD,EQ,2)G0 TO 2}

1P (KQNS,LT,2)C0 TO 919
JF(0P82,LE,0,)G0 TO 918
60 10 3
XF(OPOZ)915:915:6
OPTEGSQRT(OPSZ)
CONT{NU

UN ’? 4..9.-...DP-CRIDR.... unTn"3~.l-coonlol.onl.O*’OOOOOOOQO
OPB3sVR(KI1)®(SR=COS(T) ) oP7s .
GO TU 916
OPB2a((XeX1)P¥2=2,#COS(TL) o2, )%
1F(DPB2)915,915,80
OP75%SQRT(OPB2)
0P83aVR{KILI*(1,=-COS(T1))/0PTS
GO TO 916
0PB380,
OP84w0PB4+0OPB3

CONTNUE

IR (NORAD,EQ,2)GD TO 3
TRM34sTRM3440P71%0P 04
TRM35aTRM25+0P71%0P 77
IF(NQAX,EQ,2)60 TO 22
TRM33=TRM33¢0PT71%0P78
JF(KONS,LT,2)60 1O 22
TRM36aTRM36+40P71%0PBS

oP71eY,

IF(NORAD,EQ,2)G0 TO 4
TRM34aTRM34#0PI0A
TRM33«TRM33%(QP308
JIF(NDAX,EQ.2)00 TO 951
TRM33nTRM33#0P30A
JF(KONS,LT«2)60 TO 931
TRH36nTRH3OXOP30B

RETURN
END
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0001
0002
0003
0004
0003
0006
0007
0008
- 0009
0010
0031
0012
0013
0036
0018
0016
0017
0018
0049
0020
002}
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
00332
0034
0033
‘0036
0037
0038
0039
0040
0041
0042
0043
0044
0043
0046
0047
0048
0049
0050
0051
0052
0053
0054
0053
0056
0057
0058

C
307

929

933
935

930

31

2001

900
902

932
939

6
3003

|

i
SUBROUTINE COOP(X,SR,KONS,A4,B4,A3,83,SUM2, SUM3,SUN4,SUMS,DT1,0P
2T1oNORADSNOAX, [1,ALSNZING)

THIS SECTION COMPUTES THE FREESTREAM«INLET INDUCED VELOCITY TERMS,

FORMAT(1D1V BY 2ERO.4,s0P13 EQu,edIN COOPH)
SUM200,3SUM380,3SUMGu0,35UMSR0,

DO 6 lelsll i

Alale]

IPC1,EQ, L 0R,1,EQ.I1)0PL4w0,.5

TleDT1®AL

IF(KONS,EQ.2)060 TO 2

AbmALB#2eSRE®2

" Bhmel ,#SRHCOS(TL)

Adwxes2e],

B3=»a2,%COS(T))

60 YO 3

AbaXB4245R8%2

Bhnn2 ,*SR®COS(TL)

Admi4

83egé

CONTINUE
AlaA3sBinB3jA2eAb 82084
1F{NOAX,EQ,2)60 TO }

ASwbh wA2wB2eNQ
1F(A5,EQ0,)G0 TO 933 :
OP130(1./(4,082=B2%82))%(d,wSART(A2)=((2,9B2+4,%A2)/SQRT(A2+B2+)

)}

OP16s0P14%0P13#0TY

60 TO 938

OP1680JHRITE(6,30T)

1P (KONS,GE,2)60 TO 930

SUM3RSUM3e0P1é

SRR=},

GO0 70 931

SUMSeSUMB40P16 :

{1F{NORAD,EQ,2)60 TO 939

SRRaSR

PPlsb sALl-Bl6e2
IF(AB!(OPti.LE..001)0P1-.0000000000000000000000000000
1F({0P1,£Q,0,)60 TO 900
DPOnfl /{6, ,nAluBlon2))

OPLON((2,9Bl%62-4 ,®ALe2,2AL0B1)/(SQRT(AL4BLe1,)))»2,¥BL*SQRT(A))
OPTuOPOM (4 #SART{AL)=((2,wB1o4,%AL)/(SQRT(AL14B141,)) ) )I¥SRR
pP20LwSQRY(AL)¢BL/2,
1F(0P201)900,900,200)

DPLInALOG{ (SQRT{AL+BLle1.)eB1/2441,)/0P20))
DPB=COS{TL)=(0PO¥OPL0+0P1])

OP12=0PT=0P8

OPL5nDPL4s0P12%0T]

G0 TO 903

0P15=0,

1F{XKON3,GE,2)60 TO 932

SUM28SUM2+QPLS

GO TO 939

SUMGaSUMGeDP S

CONT]NVE

OP14swy,

RETURN

END
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~ APPENDIX II

PROCEDURE FOR INPUTTING

COMPUTER PROGRAM VARIABLES
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" The Progrim Options

LAST - This qﬁahtity is inputted aé 2 for normal operations and inputted
as 1 if only the nécelle generation sections o_f the program are
to be operated, - |

NOJET - Inputted as 1 if reingestion is to be studied; otherwise 0.

NOCROQOS - Inpﬁtted as 1 if cross-ingestion is to be studied, otherwise 0.

NSPEED - Inputted as 0 if onlny one aircraft speed is to be studied. Other-
wise the value of this quantity is the number of aircraft speeds
to be studied.

NOCARD - Inputted as 0 if nacelle generation sections are to be used.
If this quantity is set equal to 1, the singularity-produced
velocities are readv in on computer cards, rather than determined
in the program,

NOPEST - Inputted as 1 if the pr.ogram is to determine whether or not the
entraining p'ortion of the revefsed jet lies within the pre-entry

streamtube., Otherwise, inputted as 0.

Of the terms NOJET, NOCROS, and NOPEST, only one can be

non-zero during a particular study.

The Program Inputs

EP - The degree of accuracy to which the no-flow condition is satisfied.
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DELTAX - .The dimensionless incremental value of x used in the
streamline computational section. If this quantity is inputted
as positive the streamlines will be calculated in the direction
of the freestream flow. If "D’ELT_AX;' is negative ,  the opposite

direction is used,

The Dynamic Input

U8BA - The dimehsional velocity of the aircraft. If more than one velocity
is to be studied';_ the highest velocity ié inpﬁtted here.

_VELRAT - The inlet-to~freestream velbcity ratio. If more than one
velocity is to be studied, the lowest velocity ratio is. inputt.ed_
here.

VELJET - The dimensional reversed jet velocity.

The 'Geometric Input

ALA - The dimensional ﬁacelle length.

Circle - This quantity expands the concept of the Maximum
Penetration Point from a 'point to an area. "'CIRCLE" is
inputted as the dimensionless diameter of a circle with the
center at the Maximum Penetration Point. If this concept is

not to be used, the quantity is inputted as zero.
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The remaining terms in this section have the same meaning as in

the main body of this report, but must be inputted in dimensional form,
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